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ABSTRACT 

Thirty-one species of benthic Ostracoda, representing 15 genera and two indeterminate 
categories, are recorded from water depths greater than 900 m on the continental margin off 
south-western Africa. Important faunal changes at certain depths allow the assemblages to be 
grouped into Upper Bathyal, Lower Bathyal and Abyssal zones. The limits of these faunal 
zones correlate with boundaries within and between the major water masses: the Neritic/Upper 
Bathyal boundary lies at the bathyal thermocline, which coincides with the base of the salinity 
minimum zone of the Antarctic Intermediate Water (AAIW) mass (c. 950 m); the Upper/ 
Lower Bathyal boundary lies at the AAIW/North Atlantic Deep Water (NADW) mass contact 
(1 500 m); and the Lower Bathyal/Abyssal boundary lies at the top of the NADW core zone 
(c. 2 000 m). These structural changes in the water column are accompanied by alterations in 
physical and chemical properties, and we attempt to assess the effectiveness of these as barriers 
that maintain the integrity of the faunal zones. The relationships are complex and vary greatly 
from species to species. In addition, we find that, although the overall abundance of ostracods 
on the adjacent continental shelf positively correlates with high mud content in the sediments, 
this relationship does not hold for continental slope and rise area. Certain deep-water species, 
however, do prefer fine-grained substrates. In comparison with ostracod faunas from similar 
depths in other parts of the Atlantic Ocean, the populations off south-western Africa have 
Lower Bathyal and Abyssal taxa at somewhat shallower levels. 

One genus ( Rugocythereis ) and seven species are new: Krithe capensis, K. spatularis , 
K. rex , K. peypouqueti, Cytheropteron cronini, Buntonia rosenfeldi, and Echinocythereis what- 
leyi. Six species have previously been described: Rugocythereis horridus (Whatley & Coles, 
1987), Cytherella serratula (Brady, 1880), Dutoitella suhmi (Brady, 1880), Abyssocythere austra¬ 
lis Benson, 1971, Poseidonamicus major Benson, 1972, and Henryhowella melobesioides 
(Brady, 1869). Fourteen species are left in open nomenclature. 
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INTRODUCTION 

Until the advent of the Deep Sea Drilling Project, the main database on 
deep-sea Ostracoda was the collections and reports from the Challenger expedi¬ 
tion (e.g. Brady 1880). Studies of DSDP fossil material (especially Tertiary) 
have rekindled interest in the subject of bathyal and abyssal ostracod faunas, 
and a selection of some of the more important publications includes Swain 
(1970a, 19706), Benson (1971, 1972, 1974, 1977, 1978), Peypouquet (1975), 
Guernet (1982, 1985), Benson & Peypouquet (1983), Whatley (1983, 1985), 
Whatley et al. (1983), Whatley & Coles (1987), Whatley & Ayress (1988), and 
Hartmann & Hartmann-Schroder (1988). Many of these works relate to specific 
or fossil taxa, or are regional surveys, with the result that there have been rela¬ 
tively few documentations of Quaternary faunas in relation to oceanographic 
parameters (e.g. water masses, sea-floor sediments). Important studies that have 
been made in this category include Rosenfeld & Bein (1978, north-west Africa), 
Peypouquet & Benson (1980, south-eastern Atlantic), Benson et al. (1983, New¬ 
foundland), Cronin (1983, Florida), and Steineck et al. (1988, central Pacific). 

Our'study comprises 46 sample sites in water depths greater than 950 m in 
the south-eastern Cape Basin, between 17°S and 35°S (Fig. 1). The samples 
were surface sediments (Quaternary) collected in a Van Veen grab from the 
University of Cape Town research vessel Thomas B. Davie (TBD) and, with the 
exception of the two deepest sites (TBD 6851, 2 916 m; TBD 6852, 4 736 m), 
were not stained or preserved in alcohol. A total of 1 059 ostracod valves were 
recovered, and only one sample was barren (TBD 3226, 970 m). Thirty-seven 
species were isolated and, of these, six species are allochthonous imports 
(10 valves, 0,94 per cent total fauna) and four species are residual taxa from 
upslope lower Neritic assemblages (63 valves). The 27 genuine deep-water taxa 
are represented by 986 valves. Table 1 lists the locations, water depths, and 
number of valves for each species. It shows the relatively small numerical data¬ 
base on which we have had to base our study. 


Fig. 1. Sample sites in water depths greater than 900 m on the continental margin off south¬ 
western Africa. Numbers are University of Cape Town research vessel ‘Thomas B. Davie’ 
station numbers for which co-ordinates are given in Table 1. Bathymetry after Dingle et al. 
(1987). Insets show locality, and sample sites on a latitude vs depth scattergram. 
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Table 1 

Species distribution (number of valves). 
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PHYSIOGRAPHIC AND OCEANOGRAPHIC SETTINGS 

The continental margin off south-western Africa forms the eastern edge of 
the Cape Basin, which is further bounded in a clockwise direction by the 
Agulhas Ridge, the mid-Atlantic Ridge, and the Walvis Ridge. Abyssal connec¬ 
tions to adjacent deep ocean basins (>4,5 km) are probably limited to two small 
sills: via the central Walvis Ridge to the Angola Basin, and adjacent to the 
southern tip of Africa to the Agulhas and Mozambique basins. Our samples 
come from the continental slope and rise off south-western Africa, which has 
been a sediment-starved margin since mid-Tertiary times (Dingle et al. 1987). 
The principle physiographic features of this region are slumps. These produce 
minor sea-floor irregularities north of 34°S, and major relief, with numerous 
small canyons, south of 34°S. Only in the southern region is the continental shelf 
narrow and shallow enough to have allowed the advance of the coastline (and 
river discharge) to within 30 km of the shelf break during glacial sea-level lows. 
Consequently, the potential for allochthonous shelf contaminants on the slope is 
relatively low over most of the study area, although at 28°S (just south of Liide- 
ritz) the head structures of a large slump lie in a re-entrant of the shelf edge. 

The regional physical oceanography along the outer continental margin of 
south-western Africa has been summarized by Shannon (1985—see pp. 122-125 



Fig. 2. Schematic water column structure off south-western Africa superimposed on a bathy¬ 
metric profile across the continental margin south of Liideritz (28°S). Depths for the various 
water masses are taken from Shannon (1985). Circled symbols indicate direction of water flow: 
4- is towards reader, — is away from reader. Depth range of the ostracod faunas studied is 
indicated on the right hand side. 












DEEP-WATER QUATERNARY OSTRACODA 


251 


for full citation of previous works), who identified three major water masses by 
their temperature and salinity characteristics. Superimposing these water masses 
on a bathymetric profile of the south-eastern Atlantic at 28°S (Fig. 2) shows that 
the outer shelf and upper continental slope (<1,5 km) lie under the northward 
flowing Antarctic Intermediate Water (AAIW), whereas all the middle to lower 
slope, and upper continental rise (>1,5 km) lie under the southward flowing 
North Atlantic Deep Water (NADW). Southward flowing Antarctic Bottom 
Water (AABW) overlies the lower continental rise and deep ocean floor 
(>4,0 km), with the consequence that these deeper regions are below the car¬ 
bonate compensation depth (CCD). The salinity minimum zone within the 
AAIW lies between 0,6 and 1,0 km on the upper slope, where its base coincides 
with the bathyal thermocline. As we will discuss later, these two physico¬ 
chemical features coincide with the boundary that separates the bathyal from the 
neritic ostracod faunas. 


TAXONOMY 

Abbreviations: ACA = anterior cardinal angle; AM = anterior margin; 
ATE = anterior terminal element; DM = dorsal margin; LV = left valve; 
ME = median element; MS = muscle scars; PC A = posterior cardinal angle; 
PM = posterior margin; PTE = posterior terminal element; RV = right valve; 
TE = terminal elements; VM = ventral margin. 

Figured specimens are stored at the South African Museum under the cata¬ 
logue numbers SAM-PQ-MF-. SEM numbers refer to unique scanning 
electron microscope numbers in the collection of RVD. 

Subclass OSTRACODA Latreille, 1806 
Order PODOCOPIDA Muller, 1894 
Suborder Platycopina Sars, 1866 
Family Cytherellidae Sars, 1866 

Genus Cytherella Jones, 1849 

The genus Cytherella is widely distributed along the continental margin of 
south-western Africa (Fig. 3). Four species have been recognized and these 
occupy well-defined depth ranges: Cytherella dromedaria Brady, 1880, and 
Cytherella sp. nov. in the Neritic Zone (40-300 m and 115-736 m, respectively), 
and C. serratula (Brady, 1880) and Cytherella sp. 3027 in the Bathyal and 
Abyssal zones (Fig. 4) (1 000-2 070 m, and 2 916 m, respectively). Unlike 
Krithe and Buntonia , two important genera that range from shallow- to deep¬ 
water environments, neritic species of Cytherella do not extend their depth 
ranges into the Bathyal Zone. In this respect Cytherella is similar to 
Cytheropteron. 
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Table 2 

List of genera and species discussed in this paper. 


Species 

Local depth 
range 
(m) 

Page 

Cytherella Jones, 1849 

C. serratula (Brady, 1880) 

Cytherella sp. 3027 

1 000-2 070 

2 916 

251 

Cytheropteron Sars, 1866 

C. cronini sp. nov. 

Cytheropteron sp. 2909 

Cytheropteron sp. 2914 

990-2 070 
945 

2 070 

258 

Krithe Brady et al ., 1874 

K capensis sp. nov. 

K spatularis sp. nov. 

K rex sp. nov. 

K peypouqueti sp. nov. 

Krithe sp. 8 

Krithe sp. 9 

Krithe sp. 4 

Krithe sp. 6 

Krithe sp. 7 

Krithe sp. 19 

Krithe sp. 22 

238-1 430 
392-1 662 

2 916 

2 916-4 736 
530-1 353 
430-900 

1 600-2 916 

1 662-2 916 

1 600-2 916 

1 662-2 916 

2 926 

263 

Parakrithe van den Bold, 1958a 

Parakiithe sp. 10 

945-1 353 

286 

Buntonia Howe, 1935 

B. rosenfeldi sp. nov. 

186-2 070 

286 

Dutoitella Dingle, 1981 

D. suhmi (Brady, 1880) 

2 916 

293 

Abyssocythere Benson, 1971 

A. australis Benson, 1971 

2 916 

298 

Ambocythere van den Bold, 19586 

Ambocythere sp. 3057 

2 070 

301 

Echinocythereis Puri, 1954 

E. whatleyi sp. nov. 

730-2 916 

302 

Trachyleberis Brady, 1898 

Trachyleberis sp. 3017 

2 916-4 736 

309 

Henryhowella Puri, 1957 

H. melobesioides (Brady, 1869) 

100-2 916 

310 

Rugocythereis gen. nov. 

R. honidus (Whatley & Coles, 1987) 

730-2 916 

318 

Poseidonamicus Benson, 1972 

P. major Benson, 1972 

2070-2 916 

322 

Indeterminate taxa 

Indeterminate sp. 62 

Indeterminate sp. 23 

1026 

1060 

328 
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Fig. 3. Latitude and water depth of samples bearing Cytherella species. There are two species in 
each of the Neritic and Bathyal zones: C. dromedaria Brady and Cytherella sp. nov., and 
C. serratula Brady and Cytherella sp. 3027, respectively. 



Fig. 4. Cytherella species as percentage of total ostracod fauna plotted against water depth. 
Note concentrations of samples on the continental shelf (<300 m), and at the Upper/Lower 

Bathyal Zone boundary. 
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Cytherella serratula (Brady, 1880) 

Fig. 5A-C 

Cythere (?) serratula Brady, 1880: 77, pi. 43 (figs 7a-d). Puri & Hulings, 1976: 288-289, pi. 24 
(figs 15-16). 

Cytherella serrulata Brady & Norman, 1896: 713-716, pi. 66 (figs 3-6). 

?Cytherella sp. 11 Ducasse & Peypouquet, 1979, pi. 1 (figs 3-4). 

?Cytherella sp. Guernet, 1985: 281, pi. 1 (figs 2, 4). 

Cytherella sp. B Cronin, 1983, pi. 6 (fig. E). 

Cytherella serratula (Brady) Whatley & Coles, 1987: 81, pi. 6 (figs 30-31). 

Illustrated specimens 

MF-0422, LV, TBD 3344, 1 430 m. 

MF-0423, RV, TBD 3344, 1 430 m. 

MF-0424, LV, TBD 3344, 1 430 m. 


Remarks 

Our material shows slight shape and ornamentation differences to the type 
specimens described by Brady (1880), and the lectotypes illustrated by Puri & 
Hulings (1976). These, however, are within the range of intraspecific variation 
found on an inter-ocean basis (R. C. Whatley citing his own data base, pers. 
comm. 1988). Positive identifications of C. serratula (Brady) have been made 
from the following sites and depths: 

Brady (1880) (Recent)—‘Challenger’ site 24, Caribbean, 390 fm (713 m); ‘Chal¬ 
lenger’ site 85, Canary Islands, 1 125 fm (2 057 m); ‘Challenger’ site 335, 
Tristan da Cunha, 1 425 fm (2 605 m). 

Brady & Norman (1896) (Recent)—West Africa, 466-1 168 fm (852-2 135 m); 
Mauretania, 418-675 fm (764-1 234 m); Canary Islands, 487 fm (890 m); 
Morocco, 600 fm (1 097 m). 

Cronin (1983) (Recent)—south-eastern USA continental slope, 462-1 070 m. 
Whatley Sc Coles (1987) (Miocene to Holocene)—DSDP Leg 94 sites, North 
Atlantic, 2 417-3 022 m. 

Present study (Recent)—south-western Africa, 1 000-2 070 m. 

These records give a modern depth range of 462-3 022 m in the Atlantic. 
Cytherella sp. Guernet (1985) from bathyal Eocene sediments at DSDP 
site 219 on the 90 East Ridge in the Indian Ocean is very similar to C. serratula 
(Brady) in shape and ornamentation, and may be the same species, but differs in 
having a small, pronounced dorso-median depression. Cytherella vulgata Rug- 
gieri, 1962 (as illustrated by Benson 1978, pi. 2 (fig. 3)), from the Upper 
Pliocene at DSDP site 371 also has a similar shape to C. serratula , but has its 
highest point in the posterior part of the valve and a more extensive covering of 
small spines and granules in the posterior area. Probably the closest species pre¬ 
viously recorded, but not placed in C. serratula (Brady), is Cytherella sp. 11 of 
Ducasse & Peypouquet (1979) from bathyal (c. 2 300 m water depth) Pliocene 
sediments at DSDP site 403 in the Rockall Basin. These specimens differ slightly 
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Fig. 5. A-C. Cytherella serratula (Brady, 1880), TBD 3344, 1 430 m. A. SAM-PQ-MF-0422, 
LV, SEM 2584. B. SAM-PQ-MF-0423, RV, SEM 2589. C. SAM-PQ-MF-0424, LV internal 
view, SEM 2587. D-F. Cytherella sp. 3027, SAM-PQ-MF-0425, RV, TBD 6581, 2 916 m. 
D. External view, SEM 3027. E. Detail, postero-ventral area, SEM 3028. F. Detail, antero- 
dorsal area, SEM 3029. Scale bar = 100 microns. 









256 


ANNALS OF THE SOUTH AFRICAN MUSEUM 


from our material in having coarser and more extensive spines in the posterior 
part of the valve. 

Rosenfeld & Bein (1978) recorded smooth species of the genus from the 
continental slope off north-west Africa, but illustrated only a coarsely pitted 
species, whereas Peypouquet & Benson (1980) noted the genus at 439-2 154 m 
in the Cape Basin and 527-2 754 m in the Angola Basin. In neither case did 
they illustrate or discuss the species present. 

Figures 3 and 4 show the geographical and water-depth distributions of 
Cytherella serratula (Brady) in relation to other species of the genus Cytherella 
along the continental margin of south-western Africa. It has been found in sedi¬ 
ment samples between approximately 19°S and 33°S (Fig. 3). There is a very 
well-defined partitioning of the Cytherella species with water depth (Fig. 4). In 
the Neritic Zone, Cytherella sp. nov. extends to 736 m and, together with the 
more restricted C. dromedaria Brady, 1880, commonly constitutes greater than 
30 per cent of the total ostracod population. There seems to be an hiatus in 
occurrence of the genus over the depth range 750-1 000 m, coinciding with the 
Salinity Minimum Zone of the Antarctic Intermediate Water Mass. Cytherella 
serratula appears at the top of the Bathyal Zone, to which it is restricted, and for 
which its appearance and disappearance constitute one of the defining par¬ 
ameters. In the Bathyal Zone, the genus Cytherella (as represented by 
C. serratula ) is numerically less important than it is higher up the continental 
slope, and only reaches 29 per cent in the region of the Upper/Lower Bathyal 
Zone boundary (1 430-1 610 m). Overall, it forms 3 per cent of the total 
bathyal ostracod assemblage (fourth most abundant species), but is somewhat 
more important in the Lower Bathyal Zone, where it averages 9 per cent. 
Clearly, Cytherella is a sensitive indicator of the different water masses, but is 
less tolerant of the conditions in the colder, more saline Bathyal and Abyssal 
zones than it is of those in the Neritic Zone. These results are in broad agree¬ 
ment with the data presented by Peypouquet & Benson (1980) from a transect 
across the continental margin west of Walvis Bay. Plotting their values we 
obtain Figure 6, which shows a decline in percentage of Cytherella in the 
ostracod populations from greater than 50 per cent in shallow water (<500 m) 
to less than 10 per cent in the water-depth range 974-1 546 m. In deeper water 
(2 094 m and 2 117 m) values rise again to approximately 30 per cent. 


Cytherella sp. 3027 
Fig. 5D-F 

?Cytherella sp. gr. ovata (Roemer, 1840) Guernet, 1985: 281, pi. 1 (fig. 1). 

Illustrated specimen 

MF-0425, RV, TBD 6851, 2 916 m. 
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Fig. 6. Cytherella species as percentage of total ostracod fauna plotted against water depth for a 
profile off Walvis Bay. Data computed from Peypouquet & Benson (1980). 

Remarks 

A single RV, possibly a juvenile. It has a distinctive lateral outline, with 
DM sloping towards the PM, a short straight VM, and broadly rounded AM. 
The lateral surface has an overall delicate, bead-like reticulation, which is more 
pronounced in the anterior and posterior areas. There are small spines along the 
postero-ventral margin, and the AM has a very narrow compressed border with 
well-separated small pores with setae. There is a triangular depression on the 
dorso-median surface that extends as a weak sulcus to the valve centre over the 
MS area. 

This is probably a new species, which is confined to the upper part of the 
Abyssal Zone (2 916 m, TBD 6581). 

Guernet (1985) illustrated a very similar specimen from the bathyal Eocene 
sediments at DSDP site 219 on the 90 East Ridge in the Indian Ocean. 

Cytherella sp. 3027 is the only representative of the genus Cytherella that we 
encountered in the Abyssal Zone (i.e. >2 070 m, Fig. 4), where it constitutes 
<0,3 per cent of the total ostracod population. In contrast, Peypouquet & 
Benson’s (1980) samples from similar depths in the northern Cape Basin off 
Walvis Bay contained approximately 30 per cent Cytherella , although they did 
not illustrate or describe the species involved. This may indicate a shallowing of 
the CCD in the south-eastern Cape Basin, because below 2 154 m, where they 
reported very strong dissolution, Peypouquet & Benson (1980, fig. 2) no longer 
recorded the genus. 
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Suborder Podocopina Sars, 1866 
Superfamily Cytheracea Baird, 1850 
Family Cytheruridae Muller, 1894 
Genus Cytheropteron Sars, 1866 

On the continental margin off south-western Africa, this genus is represented 
by 12 species, which occur over a depth range of 40-2 070 m and over a latitudi¬ 
nal range 19°S to 35°S (Figs 7, 8). Nine of these species are confined to the 
Neritic Zone (where they occur in two distinct groups—inner shelf: 40-90 m, 
and inner shelf/slope: 80-738 m), and three to the Bathyal Zone. We did not 
find the genus in the Abyssal Zone (i.e. deeper than 2 070 m). 

In the Neritic Zone, Cytheropteron is locally relatively abundant (up to 45% 
total ostracod population in raw data; c. 12% on smoothed curves, Fig. 8), 
whereas in the Bathyal Zone it does not exceed 6 per cent in any one sediment 
sample. However, the means of its occurrence in both regions are remarkably 
constant: 5 per cent in the Neritic Zone, and 4 per cent in the Bathyal Zone. 
Overall, we found Cytheropteron to be numerically more important in the 
Bathyal Zone: 3,4 per cent of the total ostracod population from samples in 
which it occurred in the Bathyal Zone, compared to 1,2 per cent from the 
Neritic Zone. There is, however, a significant difference in the distribution of 
the various species within the two depth zones. In the Neritic Zone four species 



■ - C. cronini 

Fig. 7. Latitude and water depth of samples bearing Cytheropteron species. There are nine 
species in the Neritic Zone, and three in the Bathyal Zone (see Fig. 8 for depth ranges). 
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Fig. 8. Cytheropteron species as percentage of total ostracod fauna plotted against water depth. 
Values are five point running means. Depth ranges of species are shown by bars. N.B. Neritic 
species, Cytheropteron species 1-9, are not further discussed herein. 


occur with extensively overlapping depth ranges in the outer shelf/upper slope 
region, whereas in the Bathyal Zone only one species has an extensive depth 
range (C. cronini sp. nov., 990-2 070 m), with the other two species occurring 
only at the upper and lower limits of the Bathyal Zone (Fig. 8). 

The upslope limit of the Bathyal Zone is marked by a decrease in the per¬ 
centage of the genus relative to the overall ostracod population (mean 12% to 
3%) and, with the exception of sample TBD 3355 (2 070 m), all our records for 
the genus are from the Upper Bathyal Zone (Fig. 7). These data indicate that 
the genus is sensitive to the physico-chemical changes in the vicinity of the base 
of the AAIW low salinity layer, and between the AAIW and the NADW 
masses. 
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The depth ranges of the three bathyal Cytheropteron species from off south¬ 
western Africa can be summarized as: 

Cytheropteron sp. 2909—945 m (uppermost Bathyal Zone) 

Cytheropteron cronini sp. nov.—990-2 070 m (Bathyal Zone) 

Cytheropteron sp. 2914—2 070 m (lowermost Bathyal Zone) 

Well-documented Quaternary records of the genus from deep-water sites 
elsewhere are sparse, and confusing. As Whatley & Masson (1979) have 
observed, there have been few detailed revisions of the nineteenth century 
works on this genus, with the result that records of earlier-named species are 
frequently in error. 

In their survey in the south-eastern Atlantic, Peypouquet & Benson (1980) 
recorded the following depth ranges for undefined species of the genus: Angola 
Basin—527 m; Cape Basin—439-974 m, so that effectively they did not record 
it from the Bathyal Zone as we have defined it. Off north-west Africa, Rosen- 
feld & Bein (1978) recorded Cytheropteron sp. from 470 m, which was the 
uppermost part of their ‘deep water’ Association B fauna. Cronin (1983) listed 
ten species of Cytheropteron from various depths off south-eastern United 
States, seven of which extend into water depths greater than 1 000 m (his Cythe¬ 
ropteron spp. S, D & V, E, B, P, R, and Q). Of these, Cytheropteron sp. P is 
probably conspecific with our new species C. cronini from the Cape Basin. 

Tressler (1941) illustrated three deep-water species of the genus from the 
North Atlantic: Cytheropteron alatum Sars, 1866 (1 280-4 700 m); C. hamatum 
Sars, 1869 (1 280 m); and C. inflatum Brady et al. , 1874 (1 955-3 230 m), but 
comparison of his illustrations with those of Whatley & Masson (1979) indicate 
that none are conspecific with the original species. Similarly, Benson et al.’ s 
(1983) records of C. alatum Sars, 1866 (2 560-2 743 m), and C. testudo Sars, 
1869 (1 380-2 758 m), off Newfoundland are probably mis-identifications. 
Whatley & Masson (1979) noted that dead specimens of C. alatum Sars, 1866, 
have been found in 830 m in the Rockall Trough (north-eastern Atlantic). 

Deep-water species from atypical deep-water settings have been made by 
Breman (1975 a, 1975/)), who described Cytheropteron sp. and C. ‘adriaticum’ 
from samples between 144-1 216 m in the Adriatic, and Bonaduce et al. (1983), 
who recorded three species originally described by Bonaduce et al. (1976) 
from ‘deep water’ sites in the Gulf of Aqaba and the Red Sea: C. alabarda , 
C. excisum , and C. pulcinella. No water-depth ranges were allocated to 
individual species. 


Cytheropteron cronini sp. nov. 

Fig. 9A-C 

?Cytheropteron sp. P Cronin, 1983, pi. 8 (fig. B). 

Derivation of name 

This species is named for Dr T. M. Cronin (US Geological Survey), who 
first recorded the species or a very close relative of it. 
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Fig. 9. A-C. Cytheropteron cronini sp. nov, SAM-PQ-MF-0426, holotype, LV, TBD 2880, 
1 026 m. A. External view, SEM 2911. B. Detail, ala, SEM 2912. C. Internal view, SEM 3093. 
D. Cytheropteron sp. 2909, SAM-PQ-MF-0427, LV, TBD 3341, 945 m, SEM 2909. 
E-F. Cytheropteron sp. 2914, SAM-PQ-MF-0428, RV, TBD 3355, 2 070 m. E. External 
view, SEM 2914. F. Detail, ala, SEM 2915. Scale bar = 100 microns. 
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Holotype 

MF-0426, LV, TBD 2880, 1 026 m. 

Diagnosis 

A dolphin-shaped species with delta-like ala that have a large dimple on 
their dorsal leading edge. In the dorso-median area there is vertical, slit-shaped 
reticulation. 

Description 

In lateral outline the AM is asymmetrically rounded, and is inclined ven- 
trally. PM is asymmetric and bluntly caudate, with the apex dorsally directed. 
DM is strongly arched, VM is asymmetrically convex, sloping ventrally towards 
the posterior. The central area of the valve is inflated, with a delta-shaped ala 
that carries a small spine at its apex. There is a large dimple in the anterior 
proximal area of the ala. Valve surface dorsal to the ala is ornamented with low 
vertical ribs and slit shaped reticulation. In lateral view there is a small, promi¬ 
nent nick at the posterior end of the DM. 

Dimensions (mm) 

length height 

MF-0426 0,42 0,28 

Remarks 

This distinctive species (or a close relative) was recorded as Cytheropte- 
ron sp. P from 347-1 034 m off Florida by Cronin (1983). Species with similar 
features are: C. abyssorum Brady, 1880, from 4 753 m (2 600 fm) off Tasmania, 
which has a less triangular ala and stronger surface reticulation; C. trifossata 
Whatley & Coles, 1987 (>3 000 m late Quaternary, North Atlantic), which has 
more prominent ornamentation and a less posteriorly directed ala; and C. para- 
latissimum Swain, 1963 (Pleistocene, Arctic Alaska), whose ala are less posteri¬ 
orly directed and which have ‘subvertical furrows’ on their lateral surface. Cythe- 
ropteron porterae Whatley & Coles, 1987 (= C. alatum Sars of Benson et al. 
1983), differs in possessing a thickened leading edge to the ala, and is more 
coarsely ornamented than C. cronini sp. nov. Whatley & Coles (1987) recorded 
C. porter ae from the early Pliocene to Quaternary of the North Atlantic. 

Cytheropteron cronini is the only species of the genus that has wide geo¬ 
graphical (21°-33°S) and depth (990-2 070 m) ranges in the Bathyal Zone of the 
south-eastern Cape Basin (Figs 7, 8). 

Cytheropteron sp. 2909 
Fig. 9D 


Illustrated specimen 

MF-0427, LV, TBD 3341, 945 m. 
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Remarks 

One poorly preserved specimen with a distinct bevel along the outer edge of 
its ala, in the centre of which there is a small depression. The lateral surface may 
have originally been coarsely punctate. Despite its battered appearance, we con¬ 
clude that this specimen is not allochthonous because no provenance population 
has been located farther upslope. It occurs at the top of the Upper Bathyal 
Zone. 

In general shape this species is similar to Cytheropteron sp. Q, recorded by 
Cronin (1983) from 584 m (7382 m) to 1 070 m off the south-eastern United 
States. 


Cytheropteron sp. 2914 
Fig. 9E-F 


Illustrated specimen 

MF-0428, RV, TBD 3355, 2 070 m. 

Remarks 

A fragile species with a small, sharp ala that bears two small spines, and has 
a corded leading edge. The sculptured postero-dorsal margin is similar to that of 
Cytheropteron sp. 8 of Ducasse & Peypouquet (1979, pi. 4 (fig. 7)) from the 
Quaternary of DSDP site 400A (north-eastern Atlantic). The latter has an area 
of coarse reticulation dorsal to the ala, which in Cytheropteron sp. 2914 is 
covered by a feint, longitudinally sinuous ridge. This species is a close relative of 
C. syntomoalatum Whatley & Coles, 1987 (see pi. 2 (fig. 27)), from the late 
Pliocene to Quaternary of the North Atlantic, particularly in possessing a mid¬ 
dorsal ‘cross’. Differences in ornamentation and structure of the ala apex may 
indicate that the two are not conspecific. 

Cytheropteron sp. 2914 was encountered only in the lowermost part of the 
Lower Bathyal Zone. 


Family Cytherideidae Sars, 1925 
Genus Krithe Brady, Crosskey & Robertson, 1874 

The genus Krithe and the closely related genus Parakrithe have convention¬ 
ally been regarded as indicators of ‘deep’ water (e.g. Van Morkhoven 1962), 
and use has recently been made of variations in shell architecture to semi- 
quantitively predict palaeo-water depths and dissolved oxygen levels (e.g. 
Peypouquet 1975, 1979; Donze et al. 1982). The latter studies have been based 
on numerous morphotypes that, whilst they have not attempted to systematically 
isolate species, have shown that this group is taxonomically complex and diverse 
(e.g. Peypouquet 1979). Whatley (1983) recorded that, with the exception of 
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Cytheropteron (57 species), Krithe (54 species) is the most diverse genus in the 
Quaternary ostracod faunas of the bathyal and abyssal regions of the south¬ 
western Pacific. 

Similarly, Krithe (together with one species of Parakrithe ) and Cytheropte¬ 
ron are the two most diverse genera in the deep-water faunas off south-western 
Africa (12 species each), whereas in the Abyssal Zone the genus Krithe is the 
most abundant taxon. It occurs across the entire latitudinal range of our study 
area (17°S to 38°S), and is found over a more extensive water-depth range than 
any other genus (238-4 736 m, Fig. 10). With one exception (Krithe sp. 9), all 
the species are found in either bathyal or abyssal depths, and five also occur in 
the Neritic Zone (Fig. 13). On a regional scale, variations in the abundance of 
Krithe within the overall ostracod populations have been used (together with 
Henryhowella melobesioides (Brady, 1869) and Buntonia rosenfeldi sp. nov.) to 
help identify the limits of the faunal zones off south-western Africa (see 
Figs 54, 55). 

Figure 11 shows that the abundance of Krithe species (as a percentage of 
the total ostracod fauna) varies greatly over the water-depth range of the genus, 
and that there is not a simple progressive increase in values oceanward. This can 
be further emphasized when mean values for individual depth zones are exam¬ 
ined: Figure 12 shows that, although the overall trend is Neritic (19%) through 



Fig. 10. Latitude and water depth of samples bearing Krithe species and Parakrithe sp. 10. The 
distributions of Krithe capensis sp. nov. and Parakrithe sp. 10 are outlined. 
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A K. capensis 
B K. spatularis 
C K. sp. 9 
D K. sp. 8 
E Parakrithe sp. 10 
F K. sp. 4 


G K. sp. 7 
H K. sp. 6 
I K. sp. 19 
J K. rex 
K K. sp. 22 
L K. peypouqueti 


Fig. 11. Krithe species (including Parakrithe sp. 10) as percentage of total ostracod fauna 
plotted against water depth. Values are three point running means. In the upper part of the 
diagram ‘depth ranges’ show bars for total range of individual species of Krithe and one species 
of Parakrithe identified A-L in the list in lower part of figure. Krithe sp. 9, which is a neritic 
taxon, is included for completeness. ‘Dominant species’ shows depth range bars for particular 
species dominating the Krithe assemblage, and are derived from variations in abundance shown 

in Figure 13. 
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Bathyal (24%) to Abyssal (42%), there is a decrease from Neritic into Upper 
Bathyal (13%), and a decrease from Lower Bathyal (51%) into Abyssal. These 
fluctuations can be related to the environmental tolerances of particular species, 
and we recognize two groups: an Upper Krithe Fauna that occurs in the Neritic 
and Upper Bathyal zones (238-1 500 m); and a Lower Krithe Fauna that occurs 
in the Lower Bathyal and Abyssal zones (1 500-4 736 m) (Figs 11, 13A-B, 14). 

Throughout most of the Neritic Zone, the Upper Krithe Fauna is domi¬ 
nated by Krithe capensis sp. nov., but this species declines sharply in abundance 
across the Neritic/Bathyal boundary, below which it is effectively replaced by 
Krithe sp. 8. Krithe capensis also suffers a temporary decline in abundance 
between approximately 500 m and 700 m water depth, where there is also a 
sharp decline in the importance of the genus as a whole across the upper bound¬ 
ary of the salinity minimum zone of the AAIW. Within this narrow depth range, 
as well as over the lower part of the Upper Bathyal Zone (where the genus as a 
whole is again relatively poorly represented), Krithe spatularis sp. nov. replaces 
K. capensis as the dominant species. 

The genus Krithe reaches a low level of abundance within the ostracod 
populations at the base of the Upper Bathyal Zone (i.e. at the base of the 
AAIW mass) where, over the depth range 1 430 m to 1 525 m, all four extant 



Fig. 12. The mean percentage of Krithe species for the four depth zones. Values are calculated 
on samples in which Krithe occurs, and not on the overall ostracod fauna. Mean value for the 
Bathyal Zone is 24%; n = number of samples. 
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Fig. 13. Variation in abundance of individual Krithe species with water depth (plotted as a 
percentage of the Krithe assemblage). A. Upper Krithe Fauna (three-point means). B. Lower 
Krithe Fauna (three-point means, and raw data in deepest sample). Ranges over which particu¬ 
lar species dominate are shown in Figure 11. 
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latitude °S 


-□ = K. capensis 

-1- = K. spatularis 

. O = K. sp. 8 

Fig. 14. Latitude and water depth of samples bearing Krithe capensis, K. spatularis, and 
Krithe sp. 8. The open arrow locates a possible allochthonous occurrence of K. capensis. 


species of the Upper Krithe Fauna die out ( K . capensis , K. spatularis , Krithe 
sp. 8, and Krithe sp. 9). There is a dramatic increase in the abundance of the 
genus in the Lower Bathyal Zone with the incoming of four species of the Lower 
Krithe Fauna ( Krithe sp. 4, Krithe sp. 6, Krithe sp. 19, and Krithe sp. 7). Of 
these, Krithe sp. 4 dominates the Lower Bathyal and upper parts of the Abyssal 
zones, before it and the three other species are themselves replaced by the true 
abyssal species at 2 916 m. The most important abyssal taxon is the relatively 
small, globular Krithe peypouqueti sp. nov. 

A summary of the species of Krithe that dominate at the various depths off 
south-western Africa is given in Figure 11. 

Peypouquet & Benson (1980) recorded the distribution of Krithe and Para- 
krithe in their transect west of Walvis Bay, but the relative sparsity of data 
points precludes a detailed comparison with our data (Fig. 15). The overall 
picture is of a significant increase in abundance across the Neritic/Bathyal 
boundary, and a decrease in Abyssal depths. The highest values occur within the 
Bathyal Zone, and in this respect their data agrees with our own. 









K r i the spp 
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Fig. 15. Krithe species as percentage of total ostracod fauna plotted against water depth for a 
profile off Walvis Bay. Data computed from Peypouquet & Benson (1980). 


Krithe capensis sp. nov. 

Figs 16A-C, 17A, 18D 
Krithe spp. Boomer, 1985: 57-58, pi. 4 (fig. 63). 

Derivation of name 

From the Cape Basin. 

Holotype 

MF-0429, LV, TBD 2879, 530 m. 

Paratypes 

MF-0431, LV, TBD 2879, 530 m. 

MF-0430, RV, TBD 3577, 453 m. 

MF-0450, LV, TBD 3577, 453 m. 

Diagnosis 

In lateral view, the highest point of the valve lies in the posterior third, over 
a broadly rounded postero-dorsal arch. VM is straight, AM is broadly rounded. 
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Description 

In external view, the valves have a high, broadly rounded arch over the pos¬ 
terior dorsal region. AM in the LV is broadly rounded and almost symmetrical, 
whereas the AM in the RV is slightly upturned and there is a subtle antero- 
dorsal step. The PM depression is prominent and elliptical, but partly hidden in 
internal lateral view. The anterior vestibule is moderately large and has two 
lobes on the dorsal side. The anterior inner margin descends from the dorsal 
margin in almost a straight line, and forms an acute angle antero-ventrally. MS 
have a partly subdivided dorsal-most adductor, and a lobed anterior scar. 


Dimensions (mm) 

length 

height 

MF-0429 

0,91 

0,50 

MF-0431 

0,90 

0,51 

MF-0430 

0,95 

0,50 

MF-0450 

0,99 

0,50 


The mean length/height ratio of the type specimens is 1,86, which distin¬ 
guishes Krithe capensis in the local deep-water faunas from all but Krithe sp. 4 
(Figs 19, 20). 

Remarks 

We have difficulty in assigning K. capensis sp. nov. to the ‘ecotypes’ 
described by Peypouquet (1979), but on balance it has most in common with his 
category C. 

Krithe capensis is quite close to K. nibelaensis Dingle from the Campanian 
to Eocene of southern Africa (Dingle 1981; Frewin 1987), but their MS patterns 
differ in the shape of the anterior scar, and the former species has a more arched 
postero-dorsal valve outline. Rosenfeld & Bein (1978, pi. 1 (fig. 20)) illustrated 
a species with a similar inner margin outline to K. capensis , which they allocated 
to K. producta? Brady, 1880. Our species differs from theirs in its more arched 
postero-dorsal outline and less prominent and incised posterior depression. The 
lectotype of K. producta Brady, 1880 (Puri & Hulings 1976), has a more 
rounded PM and broadly arched DM outline than K. capensis . Benson & 
Peypouquet (1983, pi. 5 (fig. 5)) illustrated a specimen ( Krithe sp. C23) from 
the Lower Miocene of DSDP site 516 that has a similar shaped vestibule to 
K. capensis , but this species has parallel VM and DM. 

Off south-western Africa, we have found Krithe capensis within the latitudi¬ 
nal range 17°S to 35°S (Fig. 10). Its depth range is 238-1 430 m (a total of 
1 192 m), which includes the outer shelf (Neritic Zone) through to the upper¬ 
most part of the Lower Bathyal Zone. This suggests that K. capensis is the most 
euryhaline and eurythermal Krithe species in our study area (34,9-34,6%c to 
<34,4% 0 , 10°C to 3,2-3,6°C). Variations in its abundance in relation to other 
species of the genus (Fig. 13) indicate that K. capensis is the dominant species 
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Fig. 16. A-C. Krithe capensis sp. nov. A. SAM-PQ-MF-0429, holotype, LV, TBD 2879, 
530 m, SEM 2709. B. SAM-PQ-MF-0430, RV, TBD 3577, 453 m, SEM 2714. 
C. SAM-PQ-MF-0431, LV internal view, TBD 2879, 530 m, SEM 2710. D-F. Krithe 
spatularis sp. nov. D. SAM-PQ-MF-0432, holotype, LV internal view, TBD 2978, 736 m, 
SEM 2707. E. SAM-PQ-MF-0433, RV, TBD 2978, 736 m, SEM 2705. F. SAM- 
PQ-MF-0434, LV, TBD 3177, 1 000 m, SEM 2702. Scale bars = 100 microns. 
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on the continental shelf and uppermost slope, but over the depth range 
c. 500-700 m it is replaced by K. spatularis sp. nov. This coincides with the part 
of the AAIW mass that lies immediately above the Salinity Minimum Zone (see 
Fig. 2). Within the Salinity Minimum Zone, K. capensis reverts to its dominant 
position but, from about 950 m to the depth at which it dies out (1 430 m), it 
declines rapidly in abundance. At the Neritic/Bathyal boundary (950 m) it is 
replaced by Krithe sp. 8., and at deeper levels by K. spatularis sp. nov. Its lower 
limit is apparently defined by the AAIW/NADW shear zone boundary (Upper/ 
Lower Bathyal boundary). All our evidence suggests that in the south-eastern 
Cape Basin, K. capensis is the most tolerant of low-salinity conditions of all the 
species of the genus. 

A more critical assessment of the geographical distribution of Krithe capen¬ 
sis (Fig. 14) suggests that the deepest site at which the species has been located 
may in fact represent an allochthonous occurrence. We suspect this because the 
three sites astride the Neritic/Bathyal boundary lie along a wide front from 
which station TBD 3344 (1 430 m) is isolated. If this is the case, then the depth 
range of this species is 238-1 071 m (a total of 833 m), and K. capensis would 
more correctly be considered a neritic species that only straggles into the deep¬ 
water assemblages in the Upper Bathyal Zone, just below the base of the Salin¬ 
ity Minimum Zone of the AAIW. At present we have insufficient data to 
confirm this suspicion, and take the data at face value. 


Krithe spatularis sp. nov. 
Figs 16D-F, 17B, 18E 


Derivation of name 

Latin spatula —spoon, allusion to spoon- or spatula-like lateral outline. 
Holotype 

MF-0432, LV, TBD 2978, 736 m. 

Paratypes 

MF-0433, RV, TBD 2978, 736 m. 

MF-0434, LV, TBD 3177, 1 000 m. 

MF-0451, RV, TBD 3555, 590 m. 

Diagnosis 

Species with a compressed, spatula-shaped anterior lateral outline, and a 
deep, cleft-like posterior depression. 

Description 

In external lateral view, AM is broadly and symmetrically rounded. The 
antero-dorsal and AM areas are compressed, giving a spatula-like appearance. 
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Fig. 17. Outlines of various species of Krithe and Parakrithe. A. Krithe capensis sp. nov., 
SAM-PQ-MF-0450, LV, TBD 3577, 453 m. B. Krithe spatularis sp. nov., SAM-PQ 
-MF-0451, RV, TBD 3555, 590 m. C. Krithe sp. 8, SAM-PQ-MF-0452, LV, TBD 3177, 
1 000 m. D. Krithe sp. 4, SAM-PQ-MF-0453, RV, TBD 3355, 2 070 m. E-F. Krithe sp. 7, 
TBD 6851, 2 916 m. E. SAM-PQ-0454, LV. F. SAM-PQ-MF-0446, RV. G-H. Krithe 
rex sp. nov., TBD 6851, 2 916 m. G. SAM-PQ-MF-0456, RV. H. SAM-PQ-MF-0438, LV. 
I. Parakrithe sp. 10, SAM-PQ-MF-0449, RV, TBD 3553, 1 003 m. J-K. Krithe sp. 6, 
TBD 6851, 2 916 m. J. SAM-PQ-MF-0457, LV. K. SAM-PQ-MF-0445, RV. L-M. Krithe 
peypouqueti sp. nov., TBD 6851, 2 916 m. L. SAM-PQ-MF-0441, LV. M. SAM- 
PQ-MF-0439, RV. N. Krithe sp. 9, SAM-PQ-MF-0443, RV, TBD 3524, 475 m. 

O-P. Krithe sp. 19, TBD 6851, 2 916 m. O. SAM-PQ-MF-0447. Q-R. Krithe sp. 22, 
TBD 6851, 2 916 m. Q. SAM-PQ-MF-0458, LV. R. SAM-PQ-MF-0448, RV. 

Scale bar = 500 microns. 

























Fig. 18. Details of anterior marginal areas of Krithe and Parakrithe , placed in order of lower 
depth limit of species. All internal views. A. Krithe sp. 9, SAM-PQ-MF-0443, 
RV, TBD 3524, 475 m. B. Parakrithe sp. 10, SAM-PQ-MF-0449, RV, TBD 3553, 1 003 m. 
C. Krithe sp. 8, SAM-PQ-MF-0452, LV, TBD 3177, 1 000 m. D. Krithe capensis sp. nov., 
SAM-PQ-MF-0450, LV, TBD 3577, 453 m. E. Krithe spatularis sp. nov., SAM-PQ- 
MF-0451, RV, TBD 3555, 590 m. F. Krithe sp. 4, SAM-PQ-MF-0453, RV, TBD 3355, 
2 070 m. G. Krithe sp. 6, SAM-PQ-MF-0457, LV, TBD 6851, 2 916 m. H. Krithe 
re *sp. nov., SAM-PQ-MF-0438, ?female, LV, TBD 6851, 2 916 m. I. Krithe sp. 19, 
SAM-PQ-MF-0447, RV, TBD 6851, 2 916 m. J. Krithe sp. 7, SAM-PQ-MF-0454, LV, 
TBD 6851, 2 916 m. K. Krithe sp. 22, SAM-PQ-MF-0448, RV, TBD 6851, 2 916 m. 
L. Krithe peypouqueti sp. nov., SAM-PQ-MF-0439, holotype, RV, TBD 6851, 2 916 m. 

Scale bar = 500 microns. 


DM and VM parallel, although there is a slight concavity at about mid-length in 
the VM. PM asymmetric, sloping steeply to a ventral apex. In internal view, the 
posterior depression is very prominent and lies in a deep, ventrally open cleft. 
Anterior vestibule is large and posteriorly wide. Outline of inner margin is sym¬ 
metrically rounded, with an anterior apex. 




height, mm 
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Dimensions (mm) 

length 

height 

MF-0432 

1,09 

0,55 

MF-0433 

1,02 

0,50 

MF-0434 

1,11 

0,55 

MF-0451 

1,10 

0,49 


The mean length/height ratio of the type specimens is 2,07, which is the 
highest value we have recorded amongst the large species of Krithe in our study 
(Figs 19, 20). 

Remarks 

The distinctive shape of the new species has no close analogues from 
southern Africa, but is similar to the following species from elsewhere: 
K. hiwanneensis Howe & Lea, 1936, from the Oligocene of Louisiana (which is 
not compressed anteriorly); K. oertlii Died & Russo, 1967, from the Miocene of 
Italy (which does not have a straight DM); and K. vandenboldi Steineck, 1981, 
from the Miocene of Jamaica (which is a smaller species with a slightly concave 
VM outline, and a differently shaped anterior vestibule). 

Krithe spatularis sp. nov. would seem to fit into the ‘ecotype’ Krithe sp. F of 
Peypouquet (1979), which he suggested is an indicator of low dissolved O 2 in the 
water column. 



0= capensis S = sp.7 0 = spatularis ■ = rex 

Fig. 19. Length versus height scattergram of Krithe species. Data points are specimens 

illustrated herein. 



mean length/height 
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Fig. 20. Ratios of mean length/mean height plotted against mean lengths for the illustrated 
specimens of the various species of Krithe. 


Off south-western Africa, K. spatularis has a latitudinal range 19°S to 35°S, 
and a depth range 392-1 662 m (a total of 1 272 m) (Figs 13, 14). It is most 
abundant (relative to other species of the genus) at those levels where K. capen - 
sis is relatively unsuccessful, i.e. immediately above the Salinity Minimum Zone 
in the AAIW (lower Neritic Zone), and in the lower part of the Upper Bathyal 
Zone, although we never recorded it exceeding 3 per cent of the total ostracod 
population. Despite a greater depth range than K. capensis , K. spatularis prob¬ 
ably tolerates a narrower salinity and temperature range (34,8-34,5%o to 
<34,6%o; 8,5-6°C to 3,2-2,8°C), because of its deeper upper depth limit. 


Krithe rex sp. nov. 

Figs 17G-H, 18H, 21A-D 
?Krithe sp. C Cronin, 1983, pi. 10 (figs B-C). 

Derivation of name 

Latin rex —king, allusion to large, bold species. 
Holotype 

MF-0435, RV, male, TBD 6851, 2 916 m. 
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Paratypes 

MF-0436, RV, female, TBD 6851, 2 916 m. 

MF-0437, RV, male, TBD 6851, 2 916 m. 

MF-0438, LV, ?female, TBD 6851, 2 916 m. 

MF-0456, RV, male, TBD 6851, 2 916 m. 

Diagnosis 

Large species with humped DM and convex VM. There is a prominent 
antero-dorsal step in lateral outline. 

Description 

A large species, with a distinctive, bold shape and marked sexual dimor¬ 
phism. In external lateral view, AM is broadly rounded, PM is truncated and 
short, sloping to a postero-ventral apex. The DM is strongly arched, particularly 
in the shorter (presumed) females, in which the convex VM is also more promi¬ 
nently developed. The central area of the valves is somewhat inflated. In 
internal view, the posterior depression is clearly visible but is neither large nor 
incised. The anterior inner lamella is wide but the vestibule is relatively small 
and complex in shape, lying between the anterior margin and two large lobe-like 
re-entrants in the line of concrescence. The inner margin outline has a small 
neck-like incision that links the vestibule to the interior of the shell. This may 
represent a weak zone that preferentially suffers abrasion. The MS consist of a 
forward pointing V-shaped anterior scar, with a small super-adjacent scar, and 
four elongate adductors, the most dorsal of which is partially subdivided. 


Dimensions (mm) 

length 

height 

MF-0435 

1,15 

0,60 

MF-0436 

1,18 

0,73 

MF-0437 

1,12 

0,51 

MF-0438 

1,18 

0,65 

MF-0456 

1,17 

0,60 


The mean length/height ratio of the type specimens is 1,96. When plotted 
against valve length (Fig. 20), Krithe rex is seen to be a more elongate taxon 
than Krithe sp. 7 and Krithe sp. 8, with which it has an overlapping length/height 
field on the scattergram (Fig. 19). 

Remarks 

This is the largest species of the genus Krithe in the ostracod populations off 
south-western Africa (the holotype is 1 150 microns in length), and can be 
assigned to Peypouquet’s (1979) category D2. 

No species analogous to Krithe rex has been recorded from southern Africa, 
but the following species from elsewhere are similar in general appearance: 
Krithe cubensis van den Bold, 1946, from the Oligocene of Cuba (which is less 
inflated, and possesses relatively large vestibules); Krithe morkhoveni van den 
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Fig. 21. A-D. Krithe rex sp. nov. TBD 6851, 2 916 m. A. SAM-PQ-MF-0435, holotype, 
male, RV, SEM 2691. B. SAM-PQ-MF-0436, female, RV, SEM 2694. C. SAM- 
PQ-MF-0437, male, RV internal view, SEM 2701. D. SAM-PQ-MF-0438, ?female, LV. 
E-F. Krithe peypouqueti sp. nov. TBD 6851, 2 916 m. E. SAM-PQ-MF-0439, holotype, 
RV. F. SAM-PQ-MF-0440, LV, SEM 2695. 

Scale bars: B = 200 microns, others = 100 microns. 
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Bold, 1960, from the Miocene of Trinidad (which is a much smaller species, has 
a different MS pattern, and possesses relatively large vestibules); K. trinidaden- 
sis van den Bold, 1958a, from the Oligocene to Miocene of Trinidad (which has 
a less strongly arched DM and the males have a more acuminate PM outline 
than K. rex sp. nov.). Brady (1880, pi. 27 (fig. h)) illustrated a species as Krithe 
producta (probably not conspecific with the lectotype designated by Puri & 
Hulings 1976), which lacks the LV antero-dorsal step. 

Cronin (1983) illustrated a species ( Krithe sp. C, pi. 10 (figs B-C)) from his 
deepest sample off Florida (1 070 m), which may be conspecific with Krithe rex 
sp. nov. and is the closest relative that we have observed in the literature. Guer- 
net’s Krithe sp. 1 (1985, pi. 1 (fig. 16)) from the Upper Eocene of DSDP 
site 214 (90 East Ridge, Indian Ocean) also has a similar lateral outline, 
although its VM is somewhat less convex. 

Off south-western Africa, we have recovered Krithe rex at only one site 
(TBD 6851) at a water depth of 2 916 m, where it constitutes 3 per cent of the 
total ostracod population and 6 per cent of the Krithe population. In our area it 
is clearly an abyssal species, but if Cronin’s (1983) Krithe sp. C is conspecific, 
then in the north-western Atlantic at least, the species ranges into the depths 
equivalent to the Upper Bathyal Zone as we define it in the south-eastern 
Atlantic. 


Krithe peypouqueti sp. nov. 

Figs 17L-M, 18L, 21E-F, 22A 

Derivation of name 

The species is named for Dr J.-P. Peypouquet (University of Bordeaux) for 
his work on the genus Krithe. 

Holotype 

MF-0439, RV, TBD 6851, 2 916 m. 

Paratypes 

MF-0440, LV, TBD 6851, 2 916 m. 

MF-0441, LV, TBD 6851, 2 916 m. 

Diagnosis 

A globular species with a rounded DM, and a strong antero-dorsal step in 
the RV lateral outline. 

Description 

A squat, globular species in lateral view. AM broadly rounded, PM asym¬ 
metrically rounded, truncated in LV. DM strongly arched and rounded, with a 
prominent antero-dorsal step in the RV. VM broadly convex. Central valve area 
is inflated. In internal view, the inner margin runs approximately parallel to the 
AM, and the inner lamella and vestibule are narrow. 
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Fig. 22. A. Krithe peypouqueti sp. nov., SAM-PQ-MF-0441, LV, TBD 6851, 2 916 m. B-C. 
Krithe sp. 8, SAM-PQ-MF-0442, TBD 3177, 1 000 m. B. RV internal view, SEM 2715. 
C. External view. D. Krithe sp. 22, SAM-PQ-MF-0448, RV, TBD 6851, 2 916 m. E. Krithe 
sp. 4, SAM-PQ-MF-0444, RV, TBD 3355, 2 070 m. F. Krithe sp. 6, SAM-PQ-MF-0445, 
RV, TBD 6851, 2 916 m. Scale bars = 100 microns. 
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Dimensions (mm) 

length 

height 

MF-0440 

0,81 

0,60 

MF-0439 

0,78 

0,56 

MF-0441 

0,79 

0,56 


The mean length/height ratio of the type specimens is 1,38, which combined 
with its mean length values (0,79 mm) easily distinguishes Krithe peypouqueti 
from all other species of the genus that occur off south-western Africa 
(Figs 19, 20). 

Remarks 

The species most similar in lateral outline to Krithe peypouqueti sp. nov. 
that we have encountered in the literature is a specimen recorded by Guernet 
(1983, pi. 1 (fig. 15)) under Krithe sp. 1 (his category is clearly poly-specific) 
from the Upper Eocene of DSDP site 214 on the 90 East Ridge. However, this 
species has a wide inner lamella. 

Off south-western Africa, Krithe peypouqueti has a depth range 
2 916-4 736 m, and is one of the most abundant ostracod species in the Abyssal 
Zone. At Site TBD 6851 (2 916 m), it constitutes 13 per cent of the total ostra¬ 
cod fauna (second in abundance to Poseidonamicus major) and 28 per cent of 
the Krithe population (the most abundant species of the genus). At site 6852 
(4 736 m, where only three valves were recovered), Krithe peypouqueti forms 
66 per cent of the total ostracod fauna. 


OTHER SPECIES OF KRITHE 
Neritic/Bathyal species 


Krithe sp. 8 
Figs 17C, 18C, 22B-C 


Illustrated material 

MF-0442, RV, TBD 3177, 1 000 m. 

MF-0452, LV, TBD 3177, 1 000 m. 

Remarks 

This is a relatively large species (see Fig. 19) that has a distinctive postero- 
dorsal arch, giving it a ‘humped back’ appearance in lateral view. Its overall 
outline is similar to Krithe rex sp. nov., but it is somewhat less elongate (mean 
length/height ratio = 1,84) (Fig. 20). The posterior depression is deep, rounded, 
and set in a wide flat furrow. The inner lamella is relatively wide, with large 
anterior vestibules, and the outline of the inner margin is asymmetrically 
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rounded, with an antero-ventral apex. MS consist of an irregular U-shaped and 
small elongate anterior set, and four elongate adductors, the dorsalmost of 
which is almost subdivided. 

Krithe sp. 8 has a depth range of 530-1 353 m off south-western Africa (i.e. 
Neritic to Upper Bathyal) and, although it is generally rare (1-6% total ostra- 
cod fauna), the species appears to opportunistically exploit an environmental 
niche at the Neritic/Bathyal boundary. Here, straddling the base of the Salinity 
Minimum Zone, it is the most abundant species in the Krithe population (up to 
11% of the total ostracod fauna, and >80% of the Krithe fauna), locally sup¬ 
planting the two important taxa in the Upper Krithe Fauna ( Krithe capensis and 
K. spatularis) (see Figs 11, 13). 


Krithe sp. 9 
Figs 17N, 18A, 23C 


Illustrated material 

MF-0443, RV, TBD 3524, 475 m. 

Remarks 

Although not a bathyal species, we include a record of Krithe sp. 9 for com¬ 
pleteness. This is a sub-quadrate, elongate species with a large and complex 
anterior vestibule. It has a depth range of 430-900 m, so that its lower range 
overlaps with Krithe capensis , K. spatularis , and Krithe sp. 8. 

Bathyal!Abyssal species 

Four species of Krithe appear immediately below the Upper/Lower Bathyal 
boundary (i.e. at the top of the NADW mass). These constitute the taxa in the 
upper part of the Lower Krithe Fauna: Krithe sp. 4, Krithe sp. 6, Krithe sp. 7, 
and Krithe sp. 19 (Figs 11, 13). 


Krithe sp. 4 
Figs 17D, 18F, 22E 


Illustrated material 

MF-0444, RV, TBD 3355, 2 070 m. 

MF-0453, RV, TBD 3355, 2 070 m. 

Remarks 

This is a relatively large quadrate species, with a distinctively truncated PM 
outline in lateral view. On the length/height scattergrams, this species occupies a 
field between the species with mean lengths >1,00 mm and K. capensis (Figs 19, 
20). The anterior vestibule is moderately large and widens anteriorly from a 
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narrow posterior ‘neck’. The outline of the inner margin has a rounded apex at 
about mid-height. None of our adult specimens had well-preserved hinges but 
there appears to be a strong, elongate, tooth-like structure at the anterior end of 
the RV ME. The single anterior MS has three anteriorly directed lobes. 

Krithe sp. 4 has a depth range 1 600-2 916 m off south-western Africa. It is 
the dominant species of the Lower Krithe Fauna in the Lower Bathyal and 
upper Abyssal levels (2% of total ostracod fauna), below which it is replaced by 
K. peypouqueti (Figs 11, 13). This distribution pattern suggests that Krithe sp. 4 
is tolerant only of the physico-chemical environments found in the upper part of 
the NADW mass. 


Krithe sp. 6 
Figs 17J-K, 18G, 22F 


Illustrated material 

MF-0445, RV, TBD 6851, 2 916 m. 

MF-0457, LV, TBD 6851, 2 916 m. 

Remarks 

A moderate-sized species with a semi-elliptical outline in lateral view, in 
which the RV posterior margin has a small re-entrant in the vicinity of the pos¬ 
terior depression. With the exception of Krithe peypouqueti , the mean 
length/height ratio of 1,58 is the lowest that we have recorded for a species of 
Krithe and gives this species an isolated position on scattergrams (Figs 19, 20). 
The vestibules of Krithe sp. 6 are very narrow, with the inner margin lying close 
and parallel to the outer margin. MS appear complex, with three small anterior 
scars and four adductors. 

Krithe sp. 6 has a depth range of 1 662-2 916 m. The species is a minor 
component of the Lower Krithe Fauna, but is relatively more abundant in the 
Lower Bathyal Zone. 


Krithe sp. 7 
Figs 17E-F, 18J, 23A 


Illustrated material 

MF-0446, RV, TBD 6851, 2 916 m. 

MF-0454, LV, TBD 6851, 2 916 m. 

Remarks 

A relatively large species with a mean length/height ratio of 1,89 (Fig. 20). 
In external lateral view, the species is characterized by a broadly rounded AM 
that contrasts with a somewhat extended PM, which in the RV has a small 
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re-entrant above the posterior depression. The DM is gently convex, which 
helps to distinguish it from Krithe sp. 4. The anterior inner lamella is moderately 
wide but the vestibule is small and almost rectangular in shape. 

Krithe sp. 7 has a depth range 1 600-2 916 m. The species is a minor com¬ 
ponent of the Lower Krithe Fauna but is relatively more abundant in the Lower 
Bathyal Zone, particularly in the uppermost part. 


Krithe sp. 19 
Figs 170-P, 181, 23B 


Illustrated material 

MF-0447, RV, TBD 6851, 2 916 m. 

Remarks 

A small elongate species that has the highest mean length/height ratio 
within the Krithe populations that we studied (2,30—Figs 19, 20). In external 
lateral view, Krithe sp. 19 is characterized by prominent re-entrants in both 
valves, above the posterior depression, that give the valve a ‘pleated’ appear¬ 
ance. The anterior vestibules are small, and largely lie anterior to two lobes in 
the marginal zone. The anterior MS appears to consist of a cluster of three small 
scars. 

Krithe sp. 19 has a depth range 1 662-2 916 m. Although it occurs in small 
numbers (maximum of 4% total ostracod fauna at TBD 6851), it is the second 
most abundant taxa of the Lower Krithe Fauna throughout most of the Lower 
Bathyal Zone (Fig. 13). 


Krithe sp. 22 
Figs 17Q-R, 18K, 22D 


Illustrated material 

MF-0448, RV, TBD 6851, 2 916 m. 

MF-0458, LV, TBD 6851, 2 916 m. 

Remarks 

A small species with a gently rounded DM outline in lateral view. Its 
overall shape is very similar to that of Krithe capensis and the two have similar 
length/height ratios ( Krithe sp. 22 = 1,93; Krithe capensis = 1,86). However, the 
great difference in size between the two species facilitates identification 
(Fig. 20). Internally, the two species differ in shape of the vestibule; in Krithe 
sp. 22 it is small, with a short, straight, inner margin post-adjacent to it. 

Krithe sp. 22 is a rare abyssal form that we encountered only in sample 6851 
(2 916 m), where it constitutes 12 per cent of the total Krithe population. 
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Fig. 23. A. Krithe sp. 7, SAM-PQ-MF-0446, RV, TBD 6851, 2 916 m. B. Krithe sp. 19, 
SAM-PQ-MF-0447, RV, TBD 6851, 2 916 m. C. Krithe sp. 9, SAM-PQ-MF-0443, RV, 
TBD 3524, 475 m. D. Parakrithe sp. 10, SAM-PQ-MF-0449, RV, TBD 3553, 1 003 m. 
E-F. Buntonia rosenfeldi sp. nov. TBD 3338, 990 m. E. SAM-PQ-MF-0460, LV, SEM 2799. 
F. SAM-PQ-MF-0459, holotype, RV, SEM 2792. Scale bars = 100 microns. 
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Genus Parakrithe van den Bold, 1958a 

Parakrithe sp. 10 
Figs 171, 18B, 23D 


Illustrated material 

MF-0449, RV, TBD 3553, 1 003 m. 

Remarks 

This relatively large (0,72 mm) species has a slight bulge on the antero- 
dorsal margin in lateral view, and a less pointed postero-ventral outline than in 
most of the examples discussed by Peypouquet (1979). The anterior vestibule is 
relatively large and widens anteriorly. We place it within Peypouquet’s (1979) 
ecotype A3. Van den Bold (1966) illustrated three species of the genus from the 
Miocene of Gabon ( P . robusta sp. nov., P. datylomorpha Ruggieri, 1962, and 
P. vermunti (van den Bold, 1946)), but none are conspecific with our species. 

Off south-western Africa, Parakrithe sp. 10 has a depth range of 
900-1 353 m, which limits it to the portion of the AAIW that lies between the 
base of the Salinity Minimum Zone, and the top of the NADW mass. 

Family Buntoniidae Apostolescu, 1961 
Genus Buntonia Howe, 1935 {in Howe & Chambers, 1935) 

Ruggieri (1958) split the genus Buntonia and separated off the large, rela¬ 
tively thin-shelled and smooth taxa into Quasibuntonia. Van Morkhoven (1963) 
did not accept this as taxonomically valid, and we follow his example. However, 
the forms that were represented in Ruggieri’s Quasibuntonia certainly constitute 
a geographically well-defined group: they inhabit relatively deep water, and are 
(and were) confined to areas adjacent to Africa, and in the Mediterranean 
(Benson & Sylvester-Bradley 1971). Representatives of Buntonia s.s. have a 
world-wide distribution at all water depths. 

The genus Buntonia is an important component of the ostracod populations 
off south-western Africa, where five species occur over a latitudinal range 17°S 
to 35°S, in water depths of 95-2 070 m (Fig. 24). All five species are found in 
the Neritic Zone, where mean values of the genus’s abundance within the ostra¬ 
cod population (in samples that contain the genus) are 9,8 per cent (range 
0,1-66%). Only two species ( B . rosenfeldi sp. nov. and Buntonia sp. 34) extend 
beyond the continental shelf on to the slope, and only B. rosenfeldi sp. nov. 
occurs in the Bathyal Zone. The latter species belongs in the group Quasibunto¬ 
nia , as understood by Ruggieri (1958) and Benson & Sylvester-Bradley (1971). 
We did not find the genus in the Abyssal Zone. 

Despite the reduction in diversity of the genus into progressively deeper 
water, mean values of abundance in the Bathyal Zone are higher than in 
shallow-water areas: 30 per cent (range 3-100%). A three-point running mean 
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latitude °S 

■ - B. rosenfeldi 
tt- modern specimens 

Fig. 24. Latitude and water depth of samples bearing Buntonia spp. Solid points and outline 
indicate the distribution of Buntonia rosenfeldi sp. nov. 


plot of the percentage of all Buntonia species within the overall ostracod popu¬ 
lations from all our samples off south-western Africa (Fig. 25) shows a general 
increase in abundance of the genus from the inner shelf to the lower part of the 
Neritic Zone (i.e. 95-900 m). We detect three populations within these shallow- 
water assemblages but will defer further discussion to a later publication. At the 
Neritic/Bathyal boundary (c. 950 m), there is fluctuation at the apex of the 
curve, which peaks at around 25 per cent of the overall ostracod population. 
Below this depth, in the Upper Bathyal Zone, values fall steadily for about 
250 m. Clearly, there is an important physio-chemical barrier at around 950 m 
that has the following effects: (a) the disappearance of Buntonia sp. 34; (b) a 
reduction in the relative size of the population of B. rosenfeldi sp. nov. 

Buntonia rosenfeldi sp. nov. is the only bathyal species of the genus, 
although valves of Buntonia sp. 34 occur as deep as 1 050 m. Mean values of 
percentage of the ostracod population show a high in the Upper Bathyal Zone 
compared to the Lower Bathyal Zone (35%, range 6-100%; 20%, range 
3-40%, respectively), but these figures hide the true distribution, which is 
closely linked to the boundary zones of the water masses. We will discuss this 
under ‘Remarks’ on B. rosenfeldi sp. nov. 
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Peypouquet & Benson (1980) recorded the genus (as Quasibuntonia spp.) 
from their transects in the Cape and Angola basins. There are too few data 
points on their curves to make a detailed comparison with our results (cf. 
Figs 25, 26), but they suggest a decline from high values of percentage of overall 
ostracod populations in shallow water (20% in 450 m) to a low of 1 per cent at 
around 1 000 m. They recorded three sites with relatively high values (20-30%) 
in depths that we classify as Lower Bathyal/uppermost Abyssal, and a deeper 
site (2 800 m) at 6 per cent. These data are broadly compatible with our results, 
but we suspect that they are too scattered to resolve the actual distribution. 

Benson & Sylvester-Bradley (1971) discussed the distribution of the related, 
relatively large species, B. sulcifera (Brady, 1887) and B. radiatopora 
(Seguenza, 1880), and concluded that these deep-water buntoniids represent the 
remnants of a Tethyan’ fauna that is restricted to a circum-Africa zone. 



water depth, km 

Fig. 25. Buntonia species as percentage of total ostracod fauna plotted against water depth. 
Values are five point running means. Depth ranges for all Buntonia species on the continental 
margin are shown by bars. Mean % = mean percentages of Buntonia species in total ostracod 

fauna for each depth zone. 
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Fig. 26. Buntonia species as percentage of total ostracod fauna plotted against water depth for a 
profile off Walvis Bay. Data computed from Peypouquet & Benson (1980). 


Neither Cronin (1983) nor Benson et al. (1983) recorded taxa from the con¬ 
tinental margin of eastern North America that would fall into the category 
Quasibuntonia. 


Buntonia rosenfeldi sp. nov. 

Figs 23E-F, 27A-D 

Buntonia sulcifera? (Brady, 1887) Rosenfeld & Bein, 1978: 18, pi. 1 (fig. 21). 

Buntonia sp. 1 Boomer, 1985: 34-35, pi. 2 (figs 27-28). (These are probably all juveniles.) 
Buntonia sp. 2 Boomer, 1985: 35-36, pi. 2 (figs 33-34). (These are probably all adults.) 

Derivation of name 

The species is named for Dr A. Rosenfeld (Geological Survey of Israel) for 
his work on deep-water ostracods from north-western Africa. 

Holotype 

MF-0459, RV, TBD 3338, 990 m. 

Paratypes 

MF-0460, LV, TBD 3338, 990 m. 

MF-0461, LV, TBD 3338, 990 m. 

MF-0462, RV, TBD 3109, 900 m. 
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Fig. 27. A-D. Buntonia rosenfeldi sp. nov. A-C. TBD 3338, 990 m. A. SAM-PQ-MF-0459, 
holotype, LV seta, SEM 2793. B. SAM-PQ-MF-0461, LV internal view, SEM 2795. 
C. SAM-PQ-MF-0461, LV, MS, SEM 2796. D. SAM-PQ-MF-0462, RV, TBD 3109, 900 m, 
SEM 2790. E-F. Dutoitella suhmi (Brady 1880), TBD 6851, 2 916 m. E. SAM-PQ-MF-0463, 
LV, SEM 2936. F. SAM-PQ-MF-0464, RV, SEM 2940. Scale bars: A = 10 microns; 

C-F = 100 microns. 
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Diagnosis 

Species with well-developed longitudinal ventro-lateral keel and reticulate 
ornamentation in posterior part of lateral valve surface. 

Description 

Typical ovate buntoniid in lateral outline with broadly rounded AM and 
narrow, bluntly truncated PM. High, arched DM that has an abrupt step to the 
PM in LV, but is continuous with PM outline in RV. VM is straight or slightly 
concave. There is a prominent, keeled, ventro-lateral ridge that passes 
anteriorly into a faint rib running parallel to the AM. AM area is strongly 
compressed. Posterior lateral surface is reticulate, with indistinct longitudinal 
ribbing and prominent conjugate pores. Anterior valve surface is faintly reticu¬ 
late, with a delicate tracery of muri and inter-mural pitting. 

Hinge is amphidont, with both ATE in LV open ventrally. There are 
narrow anterior vestibules. MS consist of four adductors, the ventral and dorsal 
of which are ovate, and a hooked anterior scar, above which lie two small 
rounded scars. 


Dimensions (mm) 

length 

height 

MF-0459 

0,66 

0,43 

MF-0460 

0,69 

0,45 

MF-0461 

0,68 

0,46 

MF-0462 

0,67 

0,44 


Remarks 

Three species are closely related to B. rosenfeldi sp. nov.: B. radiatopora 
(Seguenza, 1880), B. pyriformis (Brady, 1880), and B. sulcifera (Brady, 1887). 

The closest is B. radiatopora (Seguenza, 1880) from the Neogene of south¬ 
ern Italy. Seguenza (1880) recognized two varieties, but stated that there is a 
continuous transition between them and that he was unable to differentiate 
separate species. Buntonia radiatopora radiatopora has longitudinal ridges in the 
posterior half of the valves, whereas the variety B. r. sculpta has ridges over the 
whole valve surface. The former variety has been illustrated by Benson & 
Sylvester-Bradley (1971), and both varieties by Colalongo (1965). Buntonia 
rosenfeldi sp. nov. differs from B. radiatopora (Seguenza) in having reticulate 
ornamentation in the posterior half of the valve. 

Buntonia sulcifera (Brady, 1887) is very close to B. radiatopora (Seguenza), 
because both species possess ornamentation of longitudinal ribs in the posterior 
half of the valve. They may be conspecific, although the rib pattern in the 
former may be sharper if the illustration by Benson & Sylvester-Bradley (1971) 
of a specimen from the Mozambique Channel is the same species as Brady’s. 
Whatever the case, B. rosenfeldi differs from B. sulcifera by lacking the longi¬ 
tudinal median ribs in the posterior half of the valve. 


% Buntonia rosenfeldi 
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Buntonia pyriformis (= B. mackenziei nom. nov. Puri & Hulings, 1976) has 
a similar outline to B. rosenfeldi but is more elongate, has a smooth lateral valve 
surface (Brady 1880: 78), and an eyespot (Puri & Hulings 1976: 281). 

Buntonia rosenfeldi sp. nov. occurs over a depth range of 186-2 070 m off 
south-western Africa, and 1 418-2 859 m off north-western Africa (recorded as 
B. sulcifera? by Rosenfeld & Bein 1978, fig. 21). Buntonia radiatopora is 
reported as living at 2 816 m in the eastern Mediterranean and fossil in the 
Plio-Pleistocene of southern Italy and Sicily (Benson & Sylvester-Bradley 
1971). Buntonia sulcifera (Brady, 1887) was recorded by Brady (1887) from 
3 655 m off Mauritius, and 2 980 m from the Mozambique Channel by Benson 
& Sylvester-Bradley (1971), and B. pyriformis (Brady, 1880) was first recorded 
in 675 fm (1 234 m) off Brazil (Brady 1880—‘Challenger’ site 120), and has 
been found between 400 m and 830 m off north-western Africa by Rosenfeld & 
Bein (1978). Buntonia cf. B. pyriformis (Brady) (recorded as cf. B. mackenziei 
Puri & Hulings) has been reported from late Miocene and late Pliocene strata at 
DSDP site 608 in the North Atlantic by Whatley & Coles (1987). 

Figure 28 shows the abundance of Buntonia rosenfeldi sp. nov. across its 
depth range off south-western Africa. In the Neritic Zone it constitutes a mean 



Fig. 28. Buntonia rosenfeldi sp. nov. as percentage of total ostracod fauna plotted against water 
depth. Values have not been smoothed. 
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of 6,5 per cent (range 1-25%) the ostracod population (in samples in which it 
occurs) and, for depths shallower than approximately 900 m, there are few 
samples with values above 10 per cent, although there is a slow, progressive 
increase with depth. Within the Bathyal Zone (i.e. 950-2 070 m), the mean 
abundance of B. rosenfeldi is 27 per cent (range 1-100%), so that it appears to 
represent a characteristic element of the deep-water fauna. However, it is at 
water mass boundaries that the species is most successful in establishing itself: at 
the Neritic/Upper Bathyal boundary values are c. 20 per cent, and at the Upper/ 
Lower Bathyal boundary values are over 35 per cent. Nevertheless, we did not 
record it from the Abyssal Zone, and values in the Lower Bathyal Zone steadily 
decline below about 1 600 m. From these data we conclude that B. rosenfeldi 
prefers relatively cold, saline water, and that it is particularly successful, in 
comparison with other ostracod species, at tolerating the unstable conditions 
that occur at the major water mass boundaries (i.e. at the base of the AAIW 
low salinity zone, and the AAIW/NADW shear zone). It cannot tolerate the 
adverse conditions of the AABW. 


Family Trachyleberididae Sylvester-Bradley, 1948 
Subfamily Unicapellinae Dingle, 1981 

Genus Dutoitella Dingle, 1981 

Recognition of this genus in Quaternary deep-sea sediments in the south¬ 
eastern Atlantic necessitates expansion of the concept of this genus to include 
reticulate species. This in turn allows the accommodation within Dutoitella of 
several species of previously uncertain affinity: D. eocenica (Benson, 1977) from 
the South Atlantic, ‘Suhmicythere’ sp. Benson et al. , 1983, from the north¬ 
western Atlantic, and D. crassinodosa (Guernet, 1985) from the Indian Ocean. 
Phylogenetic implications of these new data are that, between Maastrichtian and 
Eocene times, the genus migrated from south-eastern African outer continental- 
shelf environments into deeper-water habitats on both sides of the South 
Atlantic and in the Indian Ocean. There was a concomitant development of 
reticulation. 

A similar trend can be seen in Atlanticythere, with spinose species appearing 
by Eocene times. Architectural similarity between the two genera strongly sug¬ 
gests a common ancestor (Fig. 29). 


Dutoitella suhmi (Brady, 1880) 

Figs 27E-F, 30A-B, 31 A, C, F 

Cythere suhmi Brady, 1880: 106-107, pi. 26 (fig. 3a-h). Puri & Hulings, 1976: 290-291, pi. 17 
(figs 7-12), text-fig. 10. 

‘Suhmicythere’ suhmi (Brady, 1880): Whatley & Coles, 1987, pi. 6 (figs 18-21). 

‘Suhmicythere’ sp. Benson et al, 1983, pi. 1 (fig. 8). 
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SAN CAM MAA PAL EOC OLI 


MIO PLI QUA 


Dutoitella 
* mimica 


r dutoitP 


$ eocenica 29 


' crassinodosa 7 


*# suhmi 4Q 
* sp. indet. 8 


Atlanticythere 

~ maestrichtia 2 


~ prethallasia 2 
Uncertain affinity 


" murareticulata 2 
* sp. B058 3 


' miocenica 5 
v carlitae 5 


* = eastern Atlantic Ocean 
$ = western Atlantic Ocean 

# = north-western Atlantic Ocean 
~ = Indian Ocean 

-= known range 

.= assumed range 


1 = Dingle 1981; 2 = Benson 1977; 3 = Frewin 1987; 4 = Brady 1880; 5 = Benson & 

Peypouquet 1983; 6 = Benson etal. 1983; 7 = Guernet 1985; 8 = Peypouquet & Benson 
1980 (= Shumicythere’ [sic]); 9 = Miocene record originally designated Atlanticythere? 
neogenica by Benson (1977). 

Fig. 29. Geological ranges of modern and fossil species of Dutoitella and Atlanticythere from the 

Atlantic and Indian oceans. 


Illustrated specimens 

MF-0463, LV, TBD 6851, 2 916 m. 

MF-0464, RV, TBD 6851, 2 916 m. 

MF-0465, RV, TBD 6851, 2 916 m. 

MF-0466, LV, TBD 6851, 2 916 m. 

Remarks 

The species, first described by Brady (1880) from the north-western Pacific 
and Prince Edward Island (Southern Ocean) as Cythere suhmi Brady, 1880, is 
externally similar to the type species of Dutoitella , having the typical lateral 
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Fig. 30. A-B. Dutoitella suhmi (Brady, 1880), TBD 6851, 2 916 m. A. SAM-PQ-MF-0465, 
RV internal view, SEM 2942. B. SAM-PQ-MF-0466, LV internal view, SEM 2938. C-F. 
Abyssocythere australis Benson, 1971, TBD 6851, 2 916 m. C. SAM-PQ-MF-0467, LV, 
SEM 2946. D. SAM-PQ-MF-0468, RV, SEM 2960. E. SAM-PQ-MF-0469, LV internal 
view, SEM 2948. F. SAM-PQ-MF-0470, RV internal view, SEM 2957. 

Scale bars = 100 microns. 
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Fig. 31. Comparative morphology of various species of Dutoitella. A. D. suhmi (Brady 1880), 
SAM-PQ-MF-0464, RV, TBD 6851, 2 916 m, SEM 2940. B. D. mimica Dingle, 1981, 
SAM-K5748, RV, TBD 818, Alphard Formation, Agulhas Bank, Maastrichtian III. 

C. D. suhmi (Brady 1880), SAM-PQ-MF-0463, LV, TBD 6851, 2 916 m, SEM 2936. 

D. D. neogenica (Benson 1977), USNM 190300, LV, DSDP site 22, Lower Miocene, from 
Benson (1977, pi. 1 (fig. 8)). E. 1 Suhmicythere" sp., USNM 247710, 3 000 m off New¬ 
foundland, Quaternary, from Benson et al. (1983, pi. 1 (fig. 8)); is probably conspecific 
with D. suhmi (Brady, 1880). F. MS of D. suhmi (Brady, 1880), SAM-PQ-MF-0465, RV, 
TBD 6851, 2 916 m, SEM 2944. G. MS of D. mimica Dingle, 1981, SAM-K5449, LV, 
TBD 818, Alphard Formation, Agulhas Bank, Maastrichtian III. Scale bars = 100 microns. 


outline, with contrasting eared LV and stepped RV antero-dorsal outline, of the 
Cretaceous (Campanian-Maastrichtian) type species ( D . dutoiti Dingle, 1981). 
Its MS pattern is very similar to that of D. mimica Dingle, 1981 (Santonian- 
Maastrichtian). Dutoitella suhmi (Brady) differs from both Cretaceous species in 
being reticulate, having a less prominent SCT, and having the lateral ridge or 
node post-adjacent to the SCT replaced by three short, indistinct ribs. With the 
exception of the reticulation, the surface architecture, including location of pore 
conuli and dorsal margin spines of D. suhmi (Brady) and D. mimica , is very 
similar (Fig. 31). The internal features of these two species are also very close, 
the major difference being that the LV PTE of D. suhmi lies in a slightly more 
postero-ventral position. 
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The illustrations of Puri & Hulings (1976: 290-291, pi. 17 (figs 7-12), text- 
fig. 10) of lectotypes of D. suhmi (Brady) show a slightly different MS pattern to 
our specimens of both D. suhmi (Brady) and D. mimica Dingle, 1981. The 
former show four non-divided adductors, whereas our specimens have a sub¬ 
divided second adductor. R. C. Whatley (pers. comm. 1988) informs us, how¬ 
ever, that this variation in D. suhmi is within the range that he has observed for 
the species worldwide, and appears to have no taxonomic significance. 

Brady (1880) reported Cythere suhmi from water depths of 100-4 600 m, 
and Whatley & Coles (1987) have found it in deep-water (>3 000 m) Miocene- 
Quaternary sediments of the North Atlantic. Dutoitella suhmi (Brady, 1880) is 
known from site TBD 6851 within the Abyssal Zone (2 916 m) of the Cape 
Basin, where it forms 6 per cent of the ostracod fauna. 

Benson et al.’s (1983) record of 'Suhmicy there’ sp. from 3 000 m on the con¬ 
tinental slope off Newfoundland also probably refers to this species, and it is 
possible that Peypouquet & Benson’s (1980) citation of ( Shumicy there’ [sic] from 
a range of 3 797-4 595 m in the Angola Basin at least refers to species of 
Dutoitella. Benson (1977) listed ‘ Suhmicy there’ sp. from late and mid-Miocene 
horizons at DSDP site 357 on the Rio Grande Rise, but did not illustrate 
the material. These may, therefore, also be records of reticulate species of 
Dutoitella. 

When he originally erected the two species Atlanticythere? eocenica Benson 
and A.? neogenica Benson, Benson (1977: 877) queried their generic assign¬ 
ment: This species [A.? eocenica] and A.? neogenica Benson, n. sp. may be 
considered later as generically distinct [from other species of Atlanticy there].’ 
The continuous AM and ventro-lateral ridge indicates that Benson’s species 
belong in Dutoitella. In addition, we consider that these two species are conspe- 
cific and, in revision, designate D. eocenica (Benson, 1977) to be the valid 
taxon, because it is described earlier in the publication (i.e. D. neogenica 
(Benson, 1977) is a junior synonym of D. eocenica (Benson, 1977)). 

The species D. eocenica (Benson, 1977) and D. suhmi (Brady) have very 
similar patterns of surface reticulation, with the main points of difference being 
in the routes of the reticulation muri adjacent to the AM, and the presence of a 
short ridge post-adjacent to the SCT in D. eocenica compared to three narrow 
ribs in D. suhmi. In this latter feature, D. eocenica is close to the Cretaceous 
species of the genus (Fig. 31). 

We also refer ‘Cythereis’ crassinodosa Guernet, 1985, to Dutoitella and con¬ 
sider it to be another close relative of D. suhmi. Guernet (1985) compared his 
species generically to * Suhmicythere’ sp. Benson et al., 1983, and recorded it 
from bathyal assemblages of early (Ypresian) to late (Priabonian) Eocene age at 
DSDP site 214 (Chagos Ridge). He also mentioned ‘C.’ aff. C. crassinodosa 
from the Lower Eocene at DSDP site 245 (Madagascar Basin, south-western 
Indian Ocean), and ‘C.’ cf. C. crassinodosa from the middle Eocene at DSDP 
site 214 on the central 90 East Ridge. Dutoitella crassinodosa (Guernet, 1985) 
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differs from D. suhmi (Brady) in having a more prominent SCT and prominent 
nodes on its DM and VM. 

Phylogenetic implications of our new data are summarized in Figure 29 and 
suggest that in the early Tertiary, D. mimica migrated from its preferred habi¬ 
tats on the outer continental shelf (7100-200 m water depths—see Dingle 1981, 
1985) and colonized deep-water sites in the western South Atlantic and in the 
south-western, north-western and central Indian Ocean. During the course of 
this, mutation into at least two species occurred: D. eocenica (Eocene-Miocene) 
and D. crassinodosa (Eocene). Subsequent development produced D. suhmi 
(Miocene-Quaternary) and possibly other species that have been recorded as 
‘Suhmicythere’ (e.g. Benson 1977; Peypouquet & Benson 1980). 

At this stage it is premature to speculate on possible links between 
Dutoitella and Atlanticythere but, if the latter did evolve from the former, then 
the main architectural modifications necessary before Maastrichtian time were 
the re-organization of the route of the AM and ventro-lateral ridges, a reduction 
in the size of the SCT and post-adjacent nodes and ridges, and a general 
increase in valve size. So far, the only record of the genus Atlanticy there in the 
eastern South Atlantic is Atlanticy there sp. B058 from the Eocene of the 
Agulhas Bank (Frewin 1987). 

Neither Rosenfeld & Bein (1978) nor Cronin (1983), in their studies of 
deep-water faunas, referred species to the genera Dutoitella , Atlanticy there, or 
‘ Suhmicy there’. 


Subfamily Trachyleberidinae Sylvester-Bradley, 1948 
Genus Abyssocythere Benson, 1971 

Abyssocythere australis Benson, 1971 
Figs 30C-F, 32A 

Abyssocythere australis Benson, 1971: 18, pi. 3 (fig. 7), text-fig. 12. 

Illustrated specimens 

MF-0467, LV, TBD 6851, 2 916 m. 

MF-0468, RV, TBD 6851, 2 916 m. 

MF-0469, LV, TBD 6851, 2 916 m. 

MF-0470, RV, TBD 6851, 2 916 m. 

Remarks 

Externally, the specimens from off south-western Africa differ from those 
off southern Australia only by possessing a slightly weaker AM rim. In his orig¬ 
inal description of A. australis , Benson (1971) did not give details of the internal 
features of the species, but we can report that the MS pattern (Fig. 32) is similar 
to that of the type species A. casca Benson, 1971. Also, the hinges of the two 
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Fig. 32. MS of Abyssocythere. A. A. australis Benson, 1971, SAM-PQ-MF-0470, RV, 
TBD 6851, 2 916 m , SEM 2958. Scale bar = 100 microns. B. A. casca Benson, 1971, no local¬ 
ity given, c. 3 000 m, off Madagascar (from Benson 1971, fig. 6). No scale given. 


species are similar but, in comparison with A. casca , our material exhibits a 
weaker ATE in the RV, where the anterior tooth is more elongate and in lateral 
view projects above the valve margin at the ACA. In addition, the socket at the 
anterior end of the narrow ME groove is small and does not project below the 
general line of the hinge, as occurs in A. casca. 

When he originally proposed the genus, Benson (1971) recorded six species 
of Abyssocy there, all of which had modern representatives. Subsequently, four 
more have been reported in the literature, with the result that ten separate 
species are now known, six of which have a fossil record that ranges Eocene to 
Recent (Table 3). 

Figure 33 shows the distribution of the Quaternary species of Abyssocy there. 
Our new data pose an interesting problem in that the geographical range of 
A. australis can now be extended across the Southern Ocean into the Cape 
Basin, but that the range of A. casca seems to be limited to the northern 
Mozambique/Somali basins. The species have overlapping depth ranges 
(Table 3), so presumably there is a physico-chemical barrier to the migration of 
A. casca southward through the deep-water passages into the Cape Basin, 
although the nature of this barrier is not obvious, particularly in view of the fact 
that another of the typical Abyssal Zone taxa ( Poseidonamicus major) does 
extend from the Mozambique Basin into the South Atlantic. 

This species is a characteristic element of the Abyssal Zone ostracod 
assemblage. Our specimens were recovered from a single station (TBD 6851) at 
2 916 m, where Abyssocy there australis constituted 6 per cent (23 valves) of the 
total ostracod fauna, with 17 per cent of the specimens considered modern. At 
the only previously known site (3 390 m, south of Australia), none of the speci¬ 
mens were modern (i.e. they were ‘relict’, presumably Pleistocene) (Benson 
1971). 

No representatives of the genus Abyssocythere were recovered from the 
deep-water surveys of Rosenfeld & Bein (1978), Peypouquet & Benson (1980), 
Benson et al. (1983), and Cronin (1983). 



TABLE 3. Distribution of A byssocy there species. 
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Genus Ambocythere van den Bold, 19586 

A listing of Recent species of this genus that have previously been described 
from relatively deep water, shows that the genus Ambocythere has a depth range 
from the inner continental shelf to the Abyssal Zone: 

Bathyal/Abyssal 

A. ramosa— Iceland, c. 1 000 m (Van den Bold 1965); Newfoundland, 
2 938-3 210 m (Benson et al. 1983). 

Ambocythere cf. A. ramosa —north Atlantic, 2 445 m (DSDP site 610, 
Whatley & Coles 1987). 

Ambocythere sp. 3057—south-eastern Atlantic, 2 070 m (present study). 
Ambocythere caudata —Iceland, c. 1 000 m (Van den Bold 1965). 

Neritic 

Ambocythere keiji —Venezuela, continental shelf (Van den Bold 19586) 
Ambocythere stolonifera —False Bay, South Africa, 30-40 m (Brady 1880) 
Ambocythere spp. A, B, and C—south-eastern USA, 261-1 034 m (Cronin 
1983). 
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Including fossil records, the genus has a Neogene range that includes the 
Caribbean, North and South Atlantic, Indonesia, Japan, Australia, and South 
Africa (Van den Bold 1965; Benson 1983). 


Ambocythere sp. 3057 
Figs 34A, 35A 


Illustrated specimen 

MF-0471, LV, TBD 3355, 2 070 m. 

Remarks 

This is a new species, but we have insufficient material (2 juveniles) to 
warrant a formal description. It was originally noted (but not described or illus¬ 
trated) by Boomer (1985: 66) as Ambocythere cf. A. stolonifera , but its closest 
relative is A. subreticulata van den Bold, 19586, from the Oligocene-Miocene of 
the Caribbean. Ambocythere sp. 3057 and A. subreticulata differ in the pattern 
and number of lateral ribs: A. subreticulata has numerous small riblets in the 
ventro-lateral area. Ambocythere stolonifera (Brady, 1880) from False Bay has a 
similar lateral outline and main rib arrangement to Ambocythere sp. 3057, but is 
more elongate and has several small ancillary riblets between the main dorsal 
and median ribs. The two other known deep-water species differ in the following 
points: A. ramosa is elongate, with numerous fine longitudinal ribs and a 
VM-AM-DM rim that is complete; A. caudata is also more elongate and has a 
marked re-entrant on the postero-ventral margin. 

Ambocythere sp. 3057 is a rare species that has been recorded only from the 
Lower Bathyal/Abyssal Zone boundary off south-western Africa (TBD 3355, 
2 070 m), where it constitutes 7 per cent of the total ostracod fauna. This value 
compares to a mean of 8,5 per cent of the total ostracod fauna at the two abyssal 
sites off Newfoundland for Ambocythere ramosa (Benson et al. 1983). 

The wide sector of continental margin off south-western Africa that separ¬ 
ates the sample site with Ambocythere sp. 3057 from the False Bay population 
of Ambocythere stolonifera , recorded by Brady (1880), is devoid of any record 
of the genus, so it is reasonble to assume that the deep- and shallow-water popu¬ 
lations of Ambocythere in this region have a long history of genetic isolation. 
The only known possible record of the genus in the Tertiary of southern Africa 
is from the Agulhas Bank (TBD 819; Middle Eocene-Middle Oligocene), where 
Frewin’s (1987) Indeterminate Genus 10 sp. B298 bears some resemblance to 
A. stolonifera. 


Genus Echinocythereis Puri, 1954 

This genus is distinguished from Henryhowella primarily on the possession 
of a split anterior MS. On this basis, the taxonomic position of several species 
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Fig. 34. Outlines of various species of Ambocythere. A. Ambocythere sp. 3057, 
SAM-PQ-MF-0471, LV, TBD 3355, 2 070 m. B. A. subreticulata van den Bold, 19586, 
Miocene, Cuba (from Van den Bold 19586, fig. 15). C. A. stolonifera (Brady, 1880), 
‘Challenger’ station 140, 15-20 fm, False Bay (from Brady 1880, pi. 21 (fig. 3a)). D. A. ramosa 
van den Bold, 1965, USNM 342104, 1 400 m off Newfoundland (from Benson et al. 1983, pi. 2 
(fig. 1)). E. A. caudata van den Bold, 1965, HVH-7897, holotype, c. 1 000 m off Iceland (from 
Van den Bold 1965, pi. 1 (fig. 12)). Scale bar = 100 microns. 


similar to the material available to us has been clarified by the re-illustration of 
Brady’s (1880) ‘Challenger’ ostracods by Puri & Hulings (1976) (Table 4). 

Echinocythereis whatleyi sp. nov. 

Figs 35B-F, 36E-G, I-J 

‘Xandarosina’ sp. Boomer, 1985: 64, fig. 7. 

Echinocythereis echinata (non Sars, 1866) Benson et al ., 1983, pi. 2 (fig. 8). 

Derivation of name 

This species is named for Professor R. C. Whatley (University College of 
Wales, Aberystwyth) for his work on deep-water ostracod faunas. 
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TABLE 4 

Previously-described species allocated to Echinocythereis 
and Henryhowella on the basis of the central muscle-scar 
pattern, following the revision of Puri & Hulings (1976). 


A Split anterior muscle scar 

Genus Echinocythereis 
Cythere irpex Brady, 1880 
Cythereis echinata Sars, 1866 


B Single, hooked anterior muscle scar 

Genus Henryhowella 
Cy there circumdentata Brady, 1880 
Cythere melobesioides Brady, 1869 
Cy there ericea Brady, 1880 
Cythere dasyderma Brady, 1880 


Holotype 

MF-0472, RV, TBD 3821, 1 525 m. 

Paratypes 

MF-0473, LV, TBD 6851, 2 916 m. 

MF-0474, LV, TBD 3109, 900 m. 

MF-0475, RV, TBD 3177, 1 000 m. 

Diagnosis 

Plump, blind species with broadly rounded AM and PM, and delicate 
surface ornamentation of small spines and lace-like reticulation. 

Description 

The species has a relatively delicate shell with broadly rounded AM and 
narrower rounded PM, more acuminate in RV. DM is short and straight, VM 
slightly concave. Antero-dorsal areas are somewhat compressed. Central valve 
area is plump, with the ‘belly’ of the lateral area just reaching to the VM. 
Highest point of the valve is over the ACA. No eyespots or ocular sinus. Valve 
surface is covered in fine spines arranged concentrically, being larger and more 
numerous postero-ventrally. Surface covered in a very fine, lace-like recticula- 
tion. AM has two, closely parallel rows of fine spines. 

In internal view, marginal areas are narrow, with no vestibules. Hinge is 
weak, modified amphidont, with dorsally open terminal elements in LV. All 
elements appear smooth. MS consist of four elongate adductors, the second 
scar being the largest, with two small rounded anterior scars. 
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Fig. 35. A. Ambocythere sp. 3057, SAM-PQ-MF-0471, LV, TBD 3355, 2 070 m, SEM 3058. 
B-F. Echinocythereis whatleyi sp. nov. B. SAM-PQ-MF-0472, holotype, RV, TBD 3821, 
1 525 m. C. SAM-PQ-MF-0473, LV internal view, TBD 6851, 2 916 m. D. SAM-PQ- 
MF-0474, LV, TBD 3109, 900 m. E. SAM-PQ-MF-0475, RV dorsal view, TBD 3177, 
1 000 m. F. SAM-PQ-MF-0472, holotype, RV internal view, TBD 3821, 1 525 m. 

Scale bars = 100 microns. 
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Fig. 36. Outlines of Echinocythereis. A, H. E. echinata (Sars, 1866). A. LV. H. Dorsal view. 
From Sars (1928, pi. 90). Localities unknown. B, D. E. echinata (Sars, 1866). B. DSDP 
site 611D-12 c.c. Pliocene. D. DSDP site 611D-1 c.c. Quaternary, NE Atlantic. From 
Whatley & Coles (1987, pi. 5 (figs 7-8)). C. E. echinata (Sars, 1866), specimen 13290, 2859, 
Quaternary, 2 859 m off NW Africa. From Rosenfeld & Bein (1978, pi. 1 (fig. 17)). 
E. E. whatleyi sp. nov. USNM 342109, station 77034-15, Quaternary, 3 000 m off New¬ 
foundland. From Benson et al. (1983, pi. 2 (fig.8)). F. E. whatleyi sp. nov. Holotype, 
SAM-PQ-MF-0472, TBD 3821, 1 525 m. G. E. whatleyi sp. nov., SAM-PQ-MF-0474, 
TBD 3109, 900 m. I. E. whatleyi sp.nov., SAM-PQ-MF-0475, TBD 3177, 1 000 m. 

J. E. whatleyi sp. nov., SAM-PQ-MF-0473, MS, LV, TBD 6851, 2 916 m. Scale bars: 
B-I = 100 microns; J = 30 microns; A, H = scales unknown. 
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Dimensions (mm) 


MF-0472 

MF-0473 

MF-0474 


length 

0,56 

0,51 

0,46 


height 

0,39 

0,38 

0,33 


Remarks 


Echinocythereis whatleyi sp. nov. is closely related to Echinocythereis 
echinata (Sars, 1866) and E. irpex (Brady, 1880). Sars (1928) considered 
E. irpex to be synonymous with E. echinata , and certainly these two species are 
more similar in lateral outline to each other than either is to E. whatleyi. 

Echinocythereis whatleyi differs from both these species in having a 
plumper, less quadrate outline in lateral view. In particular, it has a shorter DM, 
with a less pronounced angle in the postero-dorsal region, and a more 
pronounced, rounded VM ‘belly’. In addition, the degree of compression 
of the anterior marginal area in E. whatleyi is moderately strong in comparison 
to E. echinata (see dorsal views), and there is a difference in the shape of the 
postero-ventral and PM outlines, which are rounded and swept dorsally in 
E. whatleyi and ‘obtusely blunted’ in E. echinata (Sars 1928). Both E. echinata 
and E . irpex have a spinose ventro-lateral keel that is strongest posteriorly. This 
feature is lacking in E. whatleyi sp. nov. 

Other species that have some similarities to Echinocythereis whatleyi are: 
E. jacksonensis (Howe & Pyeatt, 1935, in Howe & Chambers, 1935) from the 
Middle Eocene to Oligocene of south-eastern USA and the Caribbean (which is 
more elongate, and is sighted—see Howe & Howe 1973); E. madremaestrae van 
den Bold, 1988, from the Upper Miocene to Pliocene of the Caribbean (which 
has a very similar outline and ornamentation, but possesses a prominent eye 
tubercle); and a specimen referred to E. irpex (Brady) by Sylvester-Bradley & 
Benson (1971, fig. 24), which has two strong, short, antero-ventral ridges, and a 
denser overall covering of spines than our species. 

Van den Bold (1966) described a new species of Echinocythereis from the 
Miocene of Gabon, but this taxon (E. ecphyma) has a hooked anterior MS, and 
consequently belongs to another genus. 

Echinocythereis echinata (Sars) has been widely reported from the North 
Atlantic and the Mediterranean by numerous authors, in depths ranging from 
60-600 m off Norway (Sars 1928: 195) to 4 700 m in the Central Atlantic 
(Tressler 1941). Whatley & Coles (1987) recorded it from Late Miocene to 
Quaternary sediments in the central North Atlantic. Rosenfeld & Bein (1978) 
recorded this species between 574 m and 2 859 m off north-western Africa. 

Brady (1880) recovered Echinocythereis irpex from three sites in the central 
and South Atlantic, at depths between 900 m and 2 850 m. 

We have recorded E. whatleyi over a latitudinal range of 19°S-36°S 
(Fig. 37) and a depth range of 730-2 916 m (Lower Neritic to Abyssal zones— 
Fig. 38). Most of our records lie within the Upper Bathyal Zone but the species 


% Echinocythereis whatleyi water depth, km 


308 


ANNALS OF THE SOUTH AFRICAN MUSEUM 



Fig. 37. Latitude and water depth of samples bearing Echinocythereis whatleyi sp. nov. 



Fig. 38. Echinocythereis whatleyi sp. nov. as percentage of total ostracod fauna plotted against 
water depth. Values are three point running means. 
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is most abundant at the boundary of the AAIW and NADW masses 
(c. 1 500 m). There is an abundance low at the top of the Upper Bathyal Zone 
(i.e. immediately below the Salinity Minimum Zone of the AAIW mass), and 
the species decreases in abundance through the Lower Bathyal into the Abyssal 
zones. Benson et al. (1983) recorded the species (as E. echinata) between 
2 800 m and 3 000 m off Newfoundland. 

Off Walvis Bay, Peypouquet & Benson (1980) noted Echinocythereis 
between 974 m and 2 864 m, although they did not differentiate species. There 
are too few data points to make a detailed comparison with Figure 38, but their 
highest value does lie in the vicinity of 1 500 m. In contrast to our profile, 
however, the Walvis Bay data indicate a sharp rise in abundance in the vicinity 
of 3 km. 


Genus Trachyleberis Brady, 1898 

Trachyleberis sp. 3017 
Fig. 42A-B 

?‘Thalassocythere’ sp. B Cronin, 1983, pi. 4 (figs B, E, G). 

Illustrated specimens 

MF-0476, RV, TBD 6851, 2 916 m. 

MF-0477, LV, TBD 6851, 2 916 m. 

Remarks 

The type species of Trachyleberis Brady, 1898, is Cythere scabrocuneata 
Brady, 1880, and the holotype is lost. Puri & Hulings (1976, pi. 26 (figs 6, 8)) 
illustrated a topotype from the Inland Sea of Japan. Our species has less robust 
spines, no AM and PM rims, and lacks the antero-dorsal ocular ridge, and is not 
conspecific. In general aspect, however, it conforms with the genus. 

Benson (e.g. Benson 1977, in Benson & Peypouquet 1983) seems to use the 
nomen nudum ‘Thalassocy there’ for deep-water Trachyleberis -like species and, 
judging from Benson (1977), when he lists (but does not illustrate) ‘Thalasso¬ 
cy there’ acanthoderma from the Miocene at DSDP sites 356 and 357, it is 
implied that Cy there acanthoderma Brady, 1880, is the comparative species for 
this group. An illustration of ‘Thalassocythere’ acanthoderma (Brady, 1880) 
from 3 000 m off Newfoundland (Benson et al. 1983, pi. 2 (fig. 9)), bears a close 
resemblance to Brady’s (1880, pi. 18 (figs 5a-e)) original illustrations, but 
differs from the lectotype of Cythere acanthoderma figured by Puri & Hulings 
(1976), which is probably a juvenile, in possessing a pointed PM outline; the 
lectotype has a rounded outline. Coles & Whatley (1989) have formalized the 
taxonomy of this group by erecting the genus Legitimocythere , with the type 
species Cythere acanthoderma Brady, 1880. Our species differs from L. acantho¬ 
derma (Brady, 1880) (as in Brady’s original illustrations) in lacking an AM rim, 
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in having a concave VM outline in lateral view, and having fewer and less 
massive and ‘ragged’ spines. It may be conspecific with ?‘Thalassocythere’ sp. B 
(Cronin, 1983), although our species has a less dense pattern of spines. R. C. 
Whatley (pers. comm. 1988) has suggested that our specimens are probably 
juveniles of Legitimocythere acanthoderma (Brady, 1880). 

Rosenfeld & Bein (1978) did not record any trachyleberid-like species from 
off north-western Africa. 

In the south-eastern Atlantic, Trachyleberis sp. 3017 is confined to the 
Abyssal Zone, where we have recorded it from two sites at 2 916 m and 4 736 m 
water depth. Here it consitutes 1 per cent and 33 per cent of the total ostracod 
fauna, respectively. Table 5 summarizes the geographical and depth ranges of 
the documented deep-sea species of Trachyleberis. 


Table 5 

Distribution of deep-sea species of the genus Trachyleberis (including the nomen nudum 

Thalassocythere ’*). 


Species 

Reference 

Age 

Location 

Depth 

( m ) 

Trachyleberis 

acanthoderma 

Brady (1880) 

Benson et al (1983) 
Ducasse & Pey- 
pouquet(1979) 
Whatley & Coles 
(1987) 

Quaternary 

Quaternary 

Miocene- 

Quaternary 

Miocene- 

Quaternary 

Atlantic, Indian, 
Pacific 

Newfoundland 

NE Atlantic (DSDP 
403, 405) 

N Atlantic (DSDP 
606-611) 

1 600-5 500 

2 600-3 210 

? 

2 445-3 884 

Trachyleberis sp. 3017 

this paper 

Quaternary 

SE Atlantic 

2 916-4 736 

Trachyleberis sp. B 

Cronin (1983) 

Quaternary 

SE USA 

341-739 


* ‘ Thalassocythere ’ = Legitimocythere Coles & Whatley, 1989. 


Genus Henryhowella Puri, 1957 

Henryhowella has been widely reported in the literature from modern and 
Cenozoic deep-water sediments. The type species for Henryhowella is Cythere 
evax Ulrich & Bassler, 1904, and Puri’s original diagnosis (1957 new name = 
Howella Puri, 1956), together with the type description of Cythereis garretti 
Howe & Mcguirt, 1935 (in Howe & graduate students 1935) (which is the type 
species for Echinocythereis Puri, 1954), distinguishes the genus Henryhowella 
from its close relative Echinocythereis on two criteria: 1. the possession of ‘three 
well-developed longitudinal rows of spines in the posterior half of the carapace’; 
2. having a single, hooked anterior MS ( Echinocythereis has two small rounded 
anterior MS). 
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Conventional wisdom is to ascribe certain spinose taxa with a single hooked 
anterior MS to Henryhowella, irrespective of whether they possess a triplicate 
posterior ornamentation (e.g. Uffenorde 1981; Whatley & Coles 1987; Steineck 
et al. 1988). Those that do possess the latter feature are invariably placed in 
Henryhowella asperrima (Reuss, 1850) (e.g. Van den Bold 1960; Cronin 1983; 
Whatley & Coles 1987). This has the effect of modifying the generic concept and 
blurring its definition to the point of causing confusion with genera such as 
Rocaleberis Bertels, 1969. It also reduces the only substantive distinguishing 
feature between Echinocythereis and Henryhowella to their different MS 
patterns. As a consequence, Cythere evax Ulrich & Bassler, 1904, should be 
considered a synonym of Cypridina asperrima Reuss, 1850 (e.g. Van den Bold 
19576, 1960), which becomes the type species of the genus Henryhowella. A 
problem here is that in his type description, Reuss (1850: 74), specifically stated 
that Cypridina asperrima has two posterior ridges and a median longitudinal 
furrow in the posterior part of the valve. Keij (1957) and Van den Bold (1960) 
have examined topotypes for Reuss’s original material and both assumed that 
Reuss misidentified the valve architecture, although there has been no modern 
re-illustration of his topotypic material, nor the erection of a lectotype, if indeed 
the holotype is lost. 


Henryhowella melobesioides (Brady, 1869) 

Figs 42C-F, 43A-F, 44A-D, 47A 

Cythere melobesioides Brady, 1869: 162, pi. 12 (figs 10-11); 1880: 108, pi. 18 (figs le-g). Puri 
& Hulings, 1976, pi. 25 (figs 1-2). 

Cythere nodulifera Brady, 1869: 163, pi. 19 (figs 24-25). 

Henryhowella sp. Keeler, 1981: 162-163, pi. 9 (fig. 14). 

Henryhowella sp. Boomer, 1985: 25-27, pi. 1 (figs 6-8, 18). 

non Henryhowella sp. Boomer, 1985: 25-27, pi. 3 (figs 38-39). 

non Cythere melobesioides Brady, 1869. Brady, 1880, pi. 18 (figs la-d). 


Illustrated specimens 

MF-0478, RV, TBD 311, 184 m. 
MF-0479, LV, TBD 311, 184 m. 
MF-0480, LV, TBD 3561, 655 m. 
MF-0481, RV, TBD 3561, 655 m. 
MF-0482, LV, TBD 3704, 941 m 
MF-0483, RV, TBD 3704, 941 m. 
MF-0484, RV, TBD 3383, 990 m. 
MF-0485, RV, TBD 3383, 990 m. 
MF-0486, LV, TBD 3383, 990 m. 
MF-0487, LV, TBD 6851, 2 916 m 
MF-0488, LV, TBD 6851, 2 916 m 
MF-0489, LV, TBD 3383, 990 m. 
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Remarks 

Accepting the current interpretation of non-plicate morphology, this species 
can be accommodated in the genus Henryhowella, and there are four species to 
which our material can be compared: Henryhowella asperrima (Reuss, 1850), 
Henryhowella dasyderma (Brady, 1880), Henryhowella digitalis Levinson, 1974 
(in LeRoy & Levinson 1974), and Henryhowella melobesioides (Brady, 1869). 

As discussed above, tri-plicate species (i.e. the ‘typical’ Henryhowella mor¬ 
phology) are generally automatically assumed to belong within H. asperrima 
(Reuss). This has led to the grouping of taxa whose synonomy appears doubtful 
but for which resolution requires redefinition of the types. To gauge the problem 
compare the following: Keij (1957, pi. 12 (figs 1-2)); Van den Bold (1960, pi. 4 
(fig. 10)); Colalongo (1965, pi. 11 (figs 3-8)); LeRoy & Levinson (1974, pi. 12 
(fig. 1)); Rosenfeld & Bein (1978, pi. 1 (fig. 23)); Cronin (1983, pi. 4 (fig. F)); 
Whatley & Coles (1987, pi. 5 (figs 9-11)). None of our material fits comfortably 
into the taxon currently interpreted as Henryhowella asperrima , even allowing 
for the range of morphological variation accepted by other authors. All the 
specimens that we have recovered have very weak or no lineation of spines in 
the posterior part of the valves; there are never three well-defined rows or 
ridges. The closest approximation to a tri-plicate morphology is shown in 
Figure 43C, but such are isolated examples in populations where there is grada¬ 
tion to the completely non-plicate state. As observed by Steinick et al. (1988) for 
their deep-sea Pacific populations, we feel unable to place specimens into a poss¬ 
ibly polytaxonomic category. 

Tertiary species referred to H. asperrima have been recorded from the 
vicinity of south-western Africa by Van den Bold (1966—Lower Miocene of 
Gabon) and Frewin (1987—Middle-Upper Eocene of the Agulhas Bank). 
Dingle (1976) recorded a form very close to Frewin’s species as Henryhowella 
sp. This ranges from Lower Eocene to Upper Oligocene in the J(c)-1 borehole 
on the continental shelf off Natal (south-eastern Africa), and is probably the 
same species as a worn specimen referred to Indet. sp. 2314 from Upper Ceno¬ 
manian strata in the same borehole (Dingle 1985). The latter record was 
possibly a downhole contaminant from overlying Tertiary strata. These local 
records are all probably of the same species (whether or not they can ultimately 
be referred to Reuss’s species is an open question), which seems to have a range 
Lower Eocene to Miocene. 

Henryhowella digitalis Levinson, 1974 (in LeRoy & Levinson 1974), was 
erected as a variety of H. asperrima to accommodate specimens with a reticu- 
late/spinose ornamentation. LeRoy & Levinson (1974) speculated that this was a 
‘deep-water variant’ of H. asperrima. Some of our specimens do show a degree 
of reticulation, but it is not a consistently developed feature. 

Henryhowella dasy derma (Brady, 1880) is a non-plicate species. Brady 
(1880) included several morphotypes in his original description, one of which 
(1880, pi. 17 (fig. 4e-f)) has a sharp ventro-lateral ridge. The lectotype desig¬ 
nated by Puri & Hulings (1976, pi. 11 (figs 10-11)) from ‘Challenger’ site 296 
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(south-eastern Pacific) is very similar to our material, but we have not assigned 
our specimens to it, because Brady himself (1880) believed that the populations 
that he recovered from off the south-western Cape were closer to Cythere 
melobesioides Brady, 1869. However, he did remark (1880: 105) that Cythere 
dasyderma was a deep-water taxon that occurs world-wide. It has been 
subsequently recorded by Rosenfeld & Bein (1978) from 1 029-2 480 m off 
north-western Africa, and Whatley & Coles (1987) from early Pliocene to 
Quaternary of the North Atlantic. 

Henryhowella melobesioides (Brady, 1869) was recorded by Brady (1880) 
from ‘Challenger’ site 142 off the Cape Peninsula in 150 fm (274 m) water 
depth. The type species was from Mauritius and Brady (1880) also identified it 
from Australia, but these (pi. 18 (fig. la-d)) appear not to be conspecific. Our 
material is conspecific with the specimen illustrated by Puri & Hulings (1976, 
pi. 25 (figs 1-2)), but there is some variation in ornamentation within the popu¬ 
lation, particularly in the prominence of a weak ridge that lies almost parallel to 
the postero-ventral margin, a feature noted in the illustration in Brady (1880, 
pi. 18 (fig. lg)). The lateral surface spines are arranged concentrically in the 
anterior part of the valve, and randomly or with a weak elongation that tends to 
converge into a chevron with its apex towards the PM. No consistent morpholo¬ 
gical variations are observed between specimens from different depths, although 
individuals from shallower water tend to have the more nodose spines described 
by Brady (1880). MS patterns are identical when observed over a range 655- 
2 916 m (no good views were obtained from shallow-water examples). It is poss¬ 
ible that we have more than one species in our populations but, until the uncer¬ 
tainty of the taxonomic position of forms currently referred to H. asperrima 
(Reuss) and their relationship to H. dasy derma (Brady) have been clarified, 
there seems little point in attempting to subdivide the various morphotypes of 
our H. melobesioides (Brady) population. 

Off south-western Africa, Henryhowella melobesioides (Brady, 1869) has 
been found over a latitudinal range 19°S-36°S (Fig. 39), and a depth range of 
100-2 916 m (Fig. 40). In the Neritic Zone, it is confined to water greater than 
600 m north of 29°S, where we suspect it cannot survive in either low oxygen¬ 
ated water (associated with the upwelling cells north of 25°S) or influxes of less 
saline and/or suspensate-rich water from the Orange River on the continental 
shelf between 25°S and 29°S. The upwelling cells on the shelf south of 29°S do 
not sustain sufficiently high productivity in the water column to result in low 
oxygen layers. 

Figure 40 shows that on the continental shelf (i.e. less than 300 m), 
H. melobesioides is a minor element in the ostracod population (generally 
<10%). Its abundance steadily increases with water depth, so that overall within 
the Neritic Zone it constitutes a mean of 31 per cent (range 0,1-100%). In the 
Upper Bathyal Zone it is the dominant ostracod taxon, generally forming more 
than 60 per cent of the total population (mean of 73%, range 19-100%) 
but, between about 800 m and 1 000 m, which includes the Neritic/Bathyal 
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Fig. 39. Latitude and water depth of samples bearing Henryhowella melobesioides (Brady, 
1869). Note the absence of this species from the low O 2 , and low salinity/high suspensate conti¬ 
nental shelves off Walvis Bay/Liideritz, and Orange River, respectively. 



Fig. 40. Henryhowella melobesioides (Brady, 1869) .as percentage of total ostracod fauna 
plotted against water depth. Values are three point running means. 
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boundary, there are large fluctuations in its abundance. Similarly, on 
approaching the Upper/Lower Bathyal Zone boundary (i.e. the shear zone 
between the AAIW and NADW masses), there is a large fall in abundance, that 
continues through the Lower Bathyal Zone (mean 39%, range 28-71%) into the 
Abyssal Zone (mean 20%, range 6-34%). Clearly, this species has a wide toler¬ 
ance of temperature and salinity, but it is relatively less successful in unstable, or 
mixed zones. In this respect it shows a distribution pattern that is the reverse of 
Buntonia rosenfeldi sp. nov. 

Modern specimens were identified on two criteria: shell transparency and 
good preservation of spines. They were encountered in two distinct areas. North 
of 26°S the entire distribution zone contains modern valves (i.e. in both the 
Lower Neritic and Upper Bathyal Zones), whereas farther south the modern 
population is confined between 29°S and 35°S and almost solely to the Neritic 
Zone (Fig. 39). 

Peypouquet & Benson (1980) recorded Henryhowella from their traverse 
off Walvis Bay. There are too few data points to make a meaningful comparison 
with our results, but a plot of the abundance of Henryhowella (Fig. 41) indicates 
similar trends to Figure 40. We do not know if the species they recorded was 
H. melobesioides but suspect so, because the latitudinal ranges of the data sets 
overlap. 



Fig. 41. Henryhowella species as percentage of total ostracod fauna plotted against water depth 
for a profile off Walvis Bay. Data computed from Peypouquet & Benson (1980). 
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Fig. 42. A-B. Trachyleberis sp. 3017, TBD 6851, 2 916 m. A. SAM-PQ-MF-0476, RV, 
SEM 3017. B. SAM-PQ-MF-0477, LV, SEM 3024. C-F. Henryhowella melobesioides 
(Brady, 1869). C. SAM-PQ-MF-0478, RV, TBD 311, 184 m, SEM 2625. D. SAM-PQ- 
MF-0479, LV, TBD 311, 184 m, SEM 2626. E. SAM-PQ-MF-0480, LV, TBD 3561, 655 m, 
SEM 2591. F. SAM-PQ-MF-0481, RV internal view, TBD 3561, 655 m, SEM 2594. 
Scale bars = 100 microns. 
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Fig. 43. A-F. Henryhowella melobesioides (Brady, 1869). A. SAM-PQ-MF-0482, LV, 
TBD 3704, 941 m, SEM 2630. B. SAM-PQ-MF-0483, RV internal view, TBD 3704, 941 m, 
SEM 2632. C. SAM-PQ-MF-0484, RV, TBD 3383, 990 m, SEM 2552. D. SAM- 

PQ-MF-0485, RV internal view, TBD 3383, 990 m, SEM 2561. E. SAM-PQ-MF-0486, 
LV, TBD 3383 , 990 m, SEM 2551. F. SAM-PQ-MF-0487, LV, TBD 6851, 2 916 m, 
SEM 2636. Scale bars = 100 microns. 
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Fig. 44. MS of Henryhowella melobesioides (Brady, 1869), A. SAM-PQ-MF-0481, RV, 
TBD 3851, 655 m, SEM 2621. B. SAM-PQ-MF-0483, RV, TBD 3704, 941 m, SEM 2634. 
C. SAM-PQ-MF-0489, LV, TBD 3383, 990 m, SEM 2556. D. SAM-PQ-MF-0488, LV, 
TBD 6851, 2 916 m, SEM 2639. Open dots are normal pores. Scale bars are 100 microns. 


Subfamily Pennyellinae Neale, 1975 

Neale (1975) established this taxonomic category to accommodate certain 
blind, reticulate trachyleberids, and identified three genera that belonged 
here: Pennyella Neale, 1974, Santonian (Western Australia—Neale 1974) to 
Maastrichtian (north-western Pacific—Swain 1973); Agulhasina Dingle, 1971, 
Maastrichtian (southern Africa); Agrenocythere Benson, 1972, Eocene (Atlan¬ 
tic) to Recent (pandemic). We now add a fourth: Rugocythereis gen. nov., 
Miocene to Quaternary (pandemic—Brady 1880; Whatley & Coles 1987). 


Rugocythereis gen. nov, 


Derivation of name 

Latin rugosa —rough, reference to coarse texture of surface ornamentation. 
Type species 

‘Oxycythereis’ horridus Whatley & Coles, 1987. 

Diagnosis 

Blind, elongate-sub-quadrate trachyleberid with coarsely reticulate and/or 
stout spinose ornamentation. Strongly sexually dimorphic with males signifi¬ 
cantly more elongate than females. Females typically possess an antero-dorsal 
marginal frill. Valves are inflated postero-ventrally and compressed in the AM 
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areas, with strong AM and PM rims. Typically there is a prominent cleft 
between the PM rim and the area of postero-ventral inflation. Hinge is modified 
amphidont, with weak ATE in RV. 

Remarks 

Rugocythereis gen. nov. is a pandemic genus that includes several taxa pre¬ 
viously placed in the nomen nudum ' Oxycythereis’ Benson, 1974. It is closest to 
Pennyella Neale, 1974, but the two genera differ on the following features: 

1. Rugocythereis lacks the prominent vertical postero-dorsal ridge. 

2. Rugocythereis lacks the prominent ventro-lateral ridge that terminates in a 
posterior elevation. 

3. Pennyella has a more triangular-shaped PM outline, with a distinctive 
postero-dorsal concavity. 

4. Females of Rugocythereis have a distinctive antero-dorsal marginal frill. 

5. The hinges are somewhat different: Pennyella has a peg-like ATE in the RV, 
with a post-adjacent rounded socket, whereas in Rugocythereis the RV ATE is 
low and elongate, has a narrow grove on its dorsal side, and has no post- 
adjacent rounded socket. 

The two genera have very similar MS patterns, which include a ventrally 
deflected second adductor and two very close, almost fused, third and fourth 
adductors. 

Rugocythereis gen. nov. is a deep-water genus, for which four species have 
been formally described: R. horridus (Whatley & Coles, 1987), R. dorsoserrata 
(Brady, 1880, emend. Puri & Hulings, 1976), and two species originally placed 
in Pennyella (P. fortedimorphica Coles & Whatley, 1989, and P. praedorsoser- 
rata Coles and Whatley, 1989). In addition, Whatley & Coles (1987) recorded 
two possible species in open nomenclature (‘ Oxycythereis* sp. 1 and ‘ Oxycy¬ 
thereis 9 sp. 2). Several other modern and fossil species of Rugocythereis may 
be included in the nomen nudum ‘ Oxycythereis’ (see Kempf 1986a, 1986b), 
but their status is uncertain. This is because the references have lacked either 
illustrations or descriptions or both, which introduces confusion over 
the comparability of R. dorsoserrata (Brady, 1880) and the validity of 
additional specific taxa (e.g. Benson 1977; Peypouquet & Benson 1980; 
Benson et al. 1983). 

Table 6 lists known and possible taxa that belong in Rugocythereis gen. nov. 
Given the limitations of the uncertain taxa, the genus may have an age range of 
Eocene to Recent and a water depth range for modern species of 730-3 526 m. 

Guernet (1985, pi. 4 (fig. 9)) described a species under Wichmanella? 
cf. W. ? reticulata , which has a similar valve outline and ornamentation to 
R. horridus. This taxon was recorded in Lower Eocene strata at DSDP site 245 
in the south-western Indian Ocean. 

No species referable to Rugocythereis (including the nomen nudum taxa 
‘ Oxycythereis’) was reported from Quaternary deep-water sites off the south¬ 
eastern USA (Cronin 1983) or north-western Africa (Rosenfeld & Bein 1978). 
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TABLE 6 

Geographical and water depth distribution of species of Rugocythereis gen. nov. 


Species 

Reference 

Age 

Location 

Quaternary 

depth 

(m) 

Rugocythereis dorso- 
serrata (Brady, 1880) 

Brady(1880) 

Quaternary 

S Atlantic 

2 850 

Rugocythereis horridus 

Whatley & Coles 
(1987) 

Miocene- 

Quaternary 

Pliocene- 

Quaternary 

Miocene 

N Atlantic 

SW Pacific 

SW Indian 

2 445-3 526 


Ducasse & Pey- 
pouquet(1979) 

Quaternary 

NE Atlantic 
(DSDP 405) 

3 000 


this paper 

Quaternary 

SE Atlantic 

730-2 916 

Rugocythereis? spp. 

Benson (1974) 

Eocene- 

Pliocene 

W Indian (DSDP 
237, 238) 

? 


Benson et al. 

(1983) 

Benson (1977) 

Quaternary 

NW Atlantic 

3 210 


Eocene- 

Pleistocene 

S Atlantic (DSDP 
356, 357) 

? 


Peypouquet & 
Benson (1980) 

Quaternary 

SE Atlantic 

2 094-2 644 

Rugocythereis sp. 1 

Whatley & Coles 
(1987) 

Miocene 

N Atlantic 


Rugocythereis sp. 2 

Whatley & Coles 
(1987) 

Pliocene 

N Atlantic 



Rugocythereis horridus (Whatley & Coles, 1987) 

Figs 47B-F, 48 

‘ Oxycythereis’ horridus Whatley & Coles, 1987: 76-78, pi. 5 (figs 18-22). 

Henryhowella sp. Boomer, 1985: 25-27, pi. 3 (figs 38-39). 
non Henryhowella sp. Boomer, 1985: 25-27, pi. 1 (figs 6-8). 

Illustrated specimens 

MF-0490, RV, TBD 2677, 1 662 m. 

MF-0491, LV, TBD 6851, 2 916 m. 

MF-0492, RV, TBD 6851, 2 916 m. 

MF-0493, RV, TBD 6851, 2 916 m. 

Remarks 

Rugocythereis horridus (Whatley & Coles) was originally described from 
Miocene to Quaternary strata at DSDP sites from Leg 94 in the north central 
Atlantic, and was also recorded from Pliocene to Quaternary in the south- 
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western Pacific, and Miocene from the Indian Ocean (Whatley & Coles 1987). 
We record it in the south-eastern Atlantic between 29°S and 36°S, in water 
depths of 730-2 916 m (Fig. 45). The species was found in only 16 per cent of 
the bathyal and abyssal sites, and Figure 46 shows that R. horridus ranges from 
lower neritic to abyssal depths and that it is most abundant in the Upper Bathyal 
Zone. In the lower part of the Neritic Zone, abundances are low (mean: 4% 
total ostracod fauna, range nil), but in the Bathyal Zone the species is relatively 
abundant (mean: 24%, range 4-100%). There appears to be a decrease in abun¬ 
dance with increasing depth through the Bathyal Zone, and the single site in the 
Abyssal Zone (2 916 m) has the lowest abundance of our data set (2%). 

The species recorded by Ducasse & Peypouquet (1979) as ‘ Oxycythereis’ 
dorsoserata [sic] from DSDP site 405 in the Rockall Basin (north-eastern Atlan¬ 
tic) probably belongs in R. horridus. 

Rugocythereis horridus is closely related to R. dorsoserrata (Brady, 1880), 
which has been re-illustrated by Puri & Hulings (1976), who selected a lectotype 
from Brady’s original ‘Challenger’ material. Positive identifications of Rugo¬ 
cythereis dorsoserrata (Brady, 1880) have been: Brady’s original record from 
2 605 m (1 425 fm) north of Tristan da Cunha in the South Atlantic; Whatley & 
Coles’s (1987) record from Miocene-Quaternary strata from DSDP Leg 94 sites 
in the North Atlantic; and two specimens identified as Cythere suhmi Brady, 
1880, by Ducasse & Peypouquet (1979, pi. 2 (figs 5-6)) from the late Pliocene 



Fig. 45. Latitude and water depth of samples bearing Rugocythereis horridus (Whatley & Coles, 

1987). 
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Fig. 46. Rugocythereis horridus (Whatley & Coles, 1987) as percentage of total ostracod fauna 
plotted against water depth. Values have not been smoothed. 


of DSDP site 403 on Hatton Bank (north-eastern Atlantic), which are probably 
conspecific. These records suggest an age range Miocene to Quaternary for 
R. dorsoserrata. 

Benson et al. (1983) recorded ‘Oxycythereis’ dorsoserrata (Brady, 1880) 
(which they equated with ‘OP dorsoserrata of Ducasse & Peypouqueti 1979) 
from a sample at 3 210 m off Newfoundland, but did not illustrate the specimen. 

Peypouquet & Benson (1980) recorded ' Oxycythereis’ from their traverses 
in the Cape and Angola basins. These may refer to species of Rugocythereis , 
although there were no accompanying illustrations. The data are too sparse to 
plot, but abundances at the three sites were: Walvis transect—2 094 m, 0,2 per 
cent; 2 117 m, 1 per cent; Angola Basin—2 644 m, 0,7 per cent. These are 
lower values than we have determined for similar depths, but indicate that the 
taxon is rare. 


Subfamily Bradleyinae Benson, 1972 
Genus Poseidonamicus Benson, 1972 

Whatley et al. (1983) have expressed reservations about the suprageneric 
placement of Poseidonamicus , but we will follow Benson’s original classification 
for the present. 
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Fig. 47. A. Henryhowella melobesioides (Brady, 1869), SAM-PQ-MF-0488, LV internal view, 
TBD 6851, 2 916 m, SEM 2638. B-F. Rugocythereis horridus (Whatley & Coles, 1987). 

B. SAM-PQ-MF-0490, RV, TBD 2677, 1 662 m, SEM 3030. C-F. TBD 6851, 2 916 m. 

C. SAM-PQ-MF-0491, LV, SEM 3008. D. SAM-PQ-MF-0492, RV, SEM 3009. E. SAM- 
PQ-MF-0493, RV internal view, SEM 3012. F. SAM-PQ-MF-0493, RV ATE and PTE, 

SEM 3013 and 3014. Scale bars = 100 microns. 
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Fig. 48. MS of Rugocythereis horridus (Whatley & Coles,* 1987). SAM-PQ-MF-0493, RV, 
TBD 6851, 2 916 m, SEM 3015. Open dots are normal pores. Scale bar = 100 microns. 



Fig. 49. Latitude and water depth of samples bearing Poseidonamicus species. The populations 
of P. major Benson, 1972 (deep-water species), and P. panopsus Whatley & Dingle, 1989 
(shallow-water species) are outlined. They are separated by 1 500 m of the water column, 
which contains several effective physico-chemical barriers. 
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Whatley (1985) discussed the colonization of bathyal and abyssal environ¬ 
ments by species of Poseidonamicus , and he concluded that since early 
Palaeogene time the genus has been confined to water depths greater than 
1 000 m. However, recent work on the ostracod fauna offshore south-western 
Africa has located two species of the genus, one of which is blind and lives at 
abyssal depths (P. major Benson, 1972), and one of which is sighted and lives on 
the outer continental shelf/upper slope ( P. panopsus Whatley & Dingle, 1989). 
Figure 49 shows the distribution and abundances of these two species in the 
south-eastern Cape Basin. It is significant that the habitats of the two species, 
which are both extant, are separated by 1 500 m of water that includes the 
Salinity Minimum Zone of the AAIW and the boundary between the AAIW 
and NADW water masses. These must be very effective barriers in maintaining 
the identity of the two species. 


Poseidonamicus major Benson, 1972 
Figs 50A-F, 51A-B 

Poseidonamicus major Benson, 1972: 52-53, pi. 8 (fig. 5), pi. 10 (figs 1-6), text-figs 20, 22. 

Illustrated specimens 

MF-0494, RV, TBD 6851, 2 916 m. 

MF-0495, LV, TBD 6851, 2 916 m. 

MF-0496, LV, TBD 6851, 2 916 m. 

MF-0497, RV, TBD 6851, 2 916 m. 

Remarks 

Our material is identical to the holotype (USNM 174335), except for its 
MS pattern, which in the Cape Basin specimens show an indented ventral scar in 
the anterior pair, and two ‘dog’s bone’-shaped central scars in the adductors. 

Poseidonamicus major differs from the shelf/upper slope species of the 
genus that has recently been discovered living in neritic depths (120-545 m) off 
south-western Africa ( P. panopsus Whatley & Dingle, 1989) in several respects. 
The new species has a prominent eye tubercle, is generally more quadrate in 
lateral outline, and lacks the strong, curved anterior dorso-lateral ridge that is a 
characteristic feature of P. major. Their MS are very similar, although in 
P. panopsus the lower anterior scar is more V-shaped than in our specimens of 
P. major. 

Frewin (1987) recorded an Eocene species from the Agulhas Bank as 
?Poseidonamicus sp. A126. This is a sighted form that has some architectural 
features similar to the type species of Poseidonamicus , but whose overall 
morphology suggests that it belongs to an undescribed taxon. 

The holotype of Poseidonamicus major is from the Mozambique Channel 
(south-west of Europa Island) at a depth of 2 995 m, where Benson (1972) 
recorded a bottom water temperature of 1,6°C. Off south-western Africa, we 
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Fig. 50. A-F. Poseidonamicus major Benson, 1972, TBD 6851, 2 916 m. A. SAM-PQ- 
MF-0494, RV, SEM 2929. B. SAM-PQ-MF-0495, LV, SEM 2926. C. SAM-PQ-MF-0496, 
LV internal view, SEM 2931. D. SAM-PC-MF-0497, RV internal view, SEM 2933. 
E. SAM-PQ-MF-0496, LV MS, SEM 2932. F. SAM-PQ-MF-0497, RV MS, SEM 2935. 

Scale bars = 100 microns. 
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Fig. 51. MS of Poseidonamicus major Benson, 1972. A. SAM-PQ-MF-0497, RV, TBD 6851, 
2 916 m, SEM 2935. B. USNM 174354, RV, IIOE 363B, 2 995 m, Mozambique Channel (from 
Benson 1972, fig. 22B). Scale bars = 100 microns. 



Fig. 52. A-B, D. Indet. sp. 62, TBD 3870, 1 026 m. A. SAM-PQ-MF-0498, LV. B, D. 
SAM-PQ-MF-0499, RV. B. Internal view. D. MS. C. Indet. sp. 23, SAM-PQ-MF-0500, 
TBD 3174, 1 050 m. Scale bars: A-C = 100 microns; D = 30 microns. 
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found the species at two sites within the Abyssal Zone: TBD 3355 (2 070 m) and 
TBD 6851 (2 916 m) (Fig. 49). In the former, which lies at the top of the 
Abyssal Zone, P. major accounts for 14 per cent of the total ostracod fauna and 
is the third most abundant taxon, but all the specimens were relict. At 
TBD 6851 (2 916 m), this species is the second most abundant taxon (29%), 
6 per cent of which were modern specimens (1,7% of total ostracods). 

In his original discussion of Poseidonamicus , Benson (1972) erected four 
new species, all of which are extant: P. major , P. minor , P. nudus, and 
P. pintoi. He did not quote depth ranges for individual species, but reference to 
his table 2 shows the ranges that he recorded for the modern genus in various 
oceans, as follows: Atlantic 1 227-5 020 m; Indian 1 190-3 995 m; and Pacific 
2 089-3 292 m. Whatley (1985) has discussed the evolutionary history of the 
genus and concluded that it originated in the south-western Pacific, probably 
in the Palaeocene, from a species such as Hermanites sagitta Bate, 1972, which 
had a continental-shelf habitat. During a phase of rapid mutation in the early 
Tertiary, the earliest forms of Poseidonamicus migrated into bathyal and later 
(in the Miocene) into abyssal habitats. Whatley (1985) did not have sufficient data 
to postulate the evolution of P. major , which is morphologically distinct from 
the other Tertiary forms. He recorded it in the Miocene of the south-western 
Pacific, but Benson (1972: 53) stated that it occurs in the Oligocene of DSDP 
site 117 (north-eastern Atlantic). Benson & Peypouquet (1983) recorded several 
species of the genus from Neogene horizons at DSDP sites in the western South 
Atlantic (sites 516, 517, and 518), including two new species ( P . miocenicus and 
P. riograndensis ), but did not mention P. major specifically. Whatley & Coles 
(1987) recorded Poseidonamicus sp. cf. P. major and Poseidonamicus sp. cf. 
P. pintoi as ranging late Miocene to Quaternary at DSDP Leg 94 sites in the 
North Atlantic. 

As far as we can gauge from the literature, P. major has the following age 
ranges: south-western Pacific—Miocene to Recent (bathyal-abyssal); south¬ 
western Atlantic—Miocene to ?Recent; north-eastern Atlantic—Oligocene; 
south-western Indian—Recent (abyssal); and, south-eastern Atlantic—Quater¬ 
nary (abyssal); and North Atlantic, as Poseidonamicus cf. P. major —late 
Miocene to Quaternary. 


Indeterminate taxa 

Indet. sp. 62 
Fig. 52A-B, D 

Two living valves were recovered from sample TBD 3870 at a water depth 
of 1 026 m. This ovate species has a short, straight DM and prominent anterior 
and posterior cardinal angles. It has a merodont hinge and a MS pattern consist¬ 
ing of a small rounded anterior scar and three elongate adductors above a 
smaller oval fourth adductor. It may be related to Krithe (R. C. Whatley, pers. 
comm. 1988). 
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Indet sp. 23 
Fig. 52C 

Two fragments of the anterior ends of RV were recovered from sample 
TBD 3174 at a water depth of 1 050 m. The species has a broadly rounded AM 
with a narrow, spinose rim. There is a prominent spinose ridge in the antero- 
ventral region, but otherwise the anterior part of the valve surface is smooth. It 
may belong in Bathycythere (R. C. Whatley, pers. comm. 1988). 


DISCUSSION 

A total of 1 023 autochthonous specimens were recovered from 45 sediment 
samples in water depths greater than 900 m off south-western Africa (only one 
sample of the original 46 in our data set was barren of ostracods). These 
represent 31 species, of which four are neritic taxa whose ranges extend 100 m 
or less into depths that we equate with the Bathyal Zone. The 27 genuinely 
deep-water species are assigned to 16 genera and two indeterminate categories. 

DEPTH RANGES AND FAUNAL ZONES 

Figure 53 shows the depth ranges of all the species we have isolated, and 
the inset plots the turnover rate (appearances/disappearances) against depth 
(summed for 100 m intervals). These data indicate that important changes in 
composition of the ostracod faunas occur within three depth zones: 
900-1 100 m; 1 300-1 700 m; and 2 000-2 100 m. (The fourth peak on the 
right-hand-side of the inset is an artefact caused by the small number of samples 
available in water deeper than 2 100 m.) Figures 54-56 and Table 7 show 
further details of these faunal changes and allow us to isolate with more 
precision the depths at which they occur. 

Between 900 m and 1 050 m, ten species appear or disappear, with a further 
seven species passing through the zone unaffected (Fig. 54). Four of the species 
that die out are taxa that also occur in relatively shallow water, and have no sig¬ 
nificant presence in the deep-water faunas; we consider these to be stragglers 
from the neritic assemblages, and they have not been treated in the taxonomic 
section of this paper ( Buntonia sp. 34, Xestoleberis sp. nov., Bythocypris sp. 42, 
and ? Bradley a sp. 56). Considering species that occur in more than one sample 
(i.e. those for which we can determine a depth range), 57 per cent of the turnover 
events take place between 950 m and 1 000 m, 29 per cent between 900 m and 
950 m, and 14 per cent between 1 000 m and 1 050 m. The appearance and 
disappearance, respectively, of Parakrithe sp. 10 and ?Bradleya sp. 56 at 945 m 
suggests that the significant faunal change occurs closer to 950 m than to 1 000 m. 
It is unlikely, in fact, to occur at a specific depth for individual or all species, but 
for the purposes of discussion and diagrammatic presentation, we nominally take 
950 m as the depth at which the boundary between the neritic and bathyal ostra¬ 
cod assemblages lies. The reality of a major faunal break at approximately this 
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Trachyleberis sp. 3017 
Krithe peypouqueti 
Krithe rex 

Cytherella sp. 3027 
Krithe sp. 22 
Dutoitella suhmi 
Abyssocythere australis 
Poseidonamicus major 
Ambocythere sp. 3057 
Cytheropteron sp. 2914 
Krithe sp. 6 
Krithe sp. 19 
Krithe sp. 7 
Krithe sp. 4 
Indet. sp. 23 
Indet. sp. 62 
Cytherella serratula 
Cytheropteron cronini 
Parakrithe sp. 10 
Cytheropteron sp. 2909 
Echinocythereis whatleyi 
Rugocythereis horridus 
Krithe sp. 8 
?Bradleya sp. 56 
Bythocypris sp. 42 
Krithe spalularis 
Krithe capensis 
Buntonia rosenfeldi 
Buntonia sp. 34 
Henryhowella melobesioides 
Xestoleberis sp. nov. 


UPPER 

BATHYAL 


LOWER 

BATHYAL 



water depth,.km 


Fig. 53. Depth range chart for Quaternary deep-water ostracods off south-western Africa. Inset 
shows turnover of appearances and extinctions (events) summed for 100 m intervals with bars 
centred on the median 50 m depth. 
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Fig. 54. Depth ranges for species at the Neritic/Bathyal Zone boundary. 


depth is also suggested by changes in the abundances of three diagnostic ostracod 
groups that dominate the deep-water populations (Henryhowella melobesioides , 
Krithe spp., and Buntonia rosenfeldi —referred to as the HKB assemblage) 
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Fig. 55. Depth ranges for species at the Bathyal/Abyssal Zone boundary. 


(Fig. 56): the commencement of a sharp decline into deeper water in the abun¬ 
dance of H. melobesioides ; the temporary reversal of the abundances of Krithe 
spp. and B. rosenfeldi relative to each other; and a sharp decline into deeper 
water in the combined abundance of all three taxa. 

The faunal change between 2 000 m and 2 100 m, in fact, relates to one 
sample (TBD 3355) at 2 070 m, but the size in turnover in the fauna that is 
defined by this point (8 events), coupled with the apparently coincidental extinc¬ 
tion of Buntonia rosenfeldi and the appearance of Poseidonamicus major, 
indicate that a major shift in the character of the ostracod population occurs at 
approximately this level. Thirteen species probably appear or disappear in the 
1 200 m interval straddling this depth (Fig. 55), so we nominally take the 
location of this sample to mark the depth of the boundary between the bathyal 
and abyssal ostracod assemblages. 

The faunal changes that are represented on the inset in Figure 53 by a 
cluster of turnover events between 1 300 m and 1 700 m are accompanied by a 
dramatic alteration in the character of the HKB assemblage (Fig. 56). Across 
this zone, the previously dominant taxon ( H . melobesioides) rapidly declines in 
abundance from more than 85 per cent to c. 30 per cent of the total ostracod 
population, whereas Krithe spp. progressively, and B. rosenfeldi temporarily, 
become more important. In addition, the contribution to the total ostracod 
population of the HKB assemblage declines across this zone from more than 
95 per cent to c. 70 per cent. We nominally take the point at which 
H. melobesioides ceases to be dominant to mark the boundary between these 
upper and lower bathyal assemblages, viz. 1 500 m. 

The vertical changes in the physical properties of the water column off 
south-western Africa have briefly been mentioned in the introduction, and are 
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shown in Figure 2. On Figure 56 they have been related to the ostracod distri¬ 
butions, and it is suggested that the important faunal changes described above 
can be directly correlated with the boundaries between and within the major 
water masses. Shannon (1966, 1985, figs 11, 12) has plotted the vertical limits of 
the low salinity zone within the AAIW and, although these fluctuate slightly 
with latitude, the base lies at approximately 1 000 m. This is close to the depth 
at which we have located an important change in the composition of the ostra¬ 
cod fauna (950 m), and consequently we suspect that the level of the neritic/ 
bathyal faunal boundary is controlled by the depth of the base of the low salinity 
zone within the AAIW. 

The AAIW is underlain by southward-flowing, low-temperature, high-salinity 
NADW, and the boundary between these two major water masses lies at 
approximately 1500 m off south-western Africa (Shannon 1985). This level 
coincides with the depth at which we have identified important changes in the 
HKB assemblage, and consequently we suspect that the level of the the upper/ 
lower bathyal faunal boundary is controlled by the depth of the AAIW/NADW 
shear zone. 

Within the NADW mass, Shannon (1985) has located the core at between 
2 km and 3 km water depth, and we suggest that the bathyal/abyssal faunal 
boundary coincides with the top of this zone. 

In the Cape Basin, Antarctic Bottom Water (AABW) lies below the 
NADW in water depths greater than about 4 km (Shannon 1985). It is colder 
and less saline than the overlying water mass, and its higher dissolved CO 2 
values and relatively vigorous circulation are corrosive to carbonate valves 
(e.g. Tucholke & Embley 1984). The top of the AABW forms the carbonate 
lysocline, across which the calcareous skeletons of dead organisms are progress¬ 
ively more rapidly dissolved with increasing depth. This is an ‘aggressive’ 
physico-chemical environment but, because we have only one sample from 
below this level (TBD 6852: 4 736 m), we have insufficient data to establish if it 
coincides with a further change in the ostracod fauna. Certainly, the dead fauna 
was sparse and poorly preserved but we have no data on the living fauna. 

Table 8 summarizes the physical properties of the three major water masses 
mentioned above. 


Fig. 56. Variations in the abundances of the HKB ostracod assemblage (as % total ostracod 
fauna) from neritic to abyssal depths. Data are five point running means. Triangles (upper 
curve) = total assemblage; squares = Krithe spp.; diamonds = Henryhowella melobesioides \ 
crosses = Buntonia rosenfeldi. Lower part of the diagram correlates aspects of the abundance 
curves with various water mass properties. Zone over which H. melobesioides is more than 
50 per cent of total ostracod fauna is stippled, and the depths at which it dominates the HKB 
assemblage are shown as black bars. SMZ = salinity minimum zone; AAIW = Antarctic Inter¬ 
mediate Water mass; NADW = North Atlantic Deep Water mass. 
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Table 7 


Summary of changes at faunal boundaries. 


Species 

Depth (m) 

Upper limit of Upper Bathyal Zone (950 m) 

Appearance of: Parakrithe sp. 10 

945 

Cytheropteron sp. 2909 

945 

Cytheropteron cronini 

990 

Cytherella serratula 

1000 

Indeterminate sp. 23 

1050 

Indeterminate sp. 62 

1026 

Disappearance of: Buntonia sp. 34 

1 050 

Xestoleberis sp. nov. 

1 000 

Bythocypris sp. 42 

1000 

?Bradley a sp. 56 A 

945 

Upper limit of Lower Bathyal Zone (1 500 m) 

Appearance of: Krithe sp. 7 

1600 

Krithe sp. 4 

1600 

Krithe sp. 6 

1 662 

Krithe sp. 19 

1 662 

Disappearance of: Krithe capensis 

1 430 

Krithe spatularis 

1662 

Upper limit of Abyssal Zone (2 070 m) 

Appearance of: Poseidonamicus major 

2 070 

Dutoitella suhmi 

2 916 

Trachyleberis sp. 3017 

2 916 

Abyssocythere australis 

2 916 

Krithe sp. 22 

2 916 

Krithe peypouqueti 

2 916 

Krithe rex 

2 916 

Cytherella sp. 3027 

2 916 

Disappearance of: Cytherella seiratula 

2 070 

Cytheropteron cronini 

2 070 

Cytheropteron sp. 2914 

2 070 

Buntonia rosenfeldi 

2 070 

Ambocythere sp. 3057 

2 070 


table 8 

South-eastern Atlantic deep-water masses. (Data from Shannon 1985.) 


Water mass 

Depth 

(km) 

Temperature 

(°C) 

Salinity 

(°'o.) 

Direction* 

Antarctic Intermediate Water (AAIW) 
Salinity minimum zone 

0,2-1,5 

0,6-1,0 

11-6 

34,7-34,3 

34,5-34,3 

NW 

North Atlantic Deep Water (NADW) 

1,5-4,0 

3,2-2,4 

34,93-34,87 

SE 

Antarctic Bottom Water (AABW) 

>4,0 

<1,5 

<34,77 

SE 


direction of flow off south-western Africa. 
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BATHYAL FAUNAS 

A total of 20 ostracod species has been identified from the Bathyal Zone off 
south-western Africa, three of which are neritic species at the limits of their 
depth ranges (Table 9A, Fig. 54). 

The fauna of this zone (950-2 070 m) can be considered transitional 
between the taxonomically diverse (at least 120 species), but geographically 
endemic, neritic faunas of the continental shelf and upper slope, and the taxono¬ 
mically relatively restricted (17 species), but cosmopolitan, faunas of abyssal 
depths. Only eight species are restricted to the Bathyal Zone (Fig. 53) and, of 
these, five (Ambocythere sp. 3057, Cytheropteron sp. 2914, Cytheropteron 
sp. 2909, and Indet. spp. 23 and 62) occur at the limits, leaving three species 
only that range between the base of the AAIW salinity minimum zone and the 
AAIW/NADW shear zone: Cytherella serratula , Cytheropteron cronini , and 
Parakrithe sp. 10. In addition, these eight species constitute only 7 per cent of 
the total bathyal ostracod population. Consequently, the bulk of the fauna is 
composed of species that range into the over- and underlying zones. Neverthe¬ 
less, the composition of the fauna of the Bathyal Zone is sufficiently different to 
distinguish it as an identifiable population that has similarity indices of only 
30 per cent and c. 10 per cent with the abyssal and neritic faunas, respectively. 

Throughout the Bathyal Zone the HKB assemblage constitutes a minimum 
of 65 per cent of the ostracod fauna, and over most of the depth range this figure 
exceeds 70 per cent (Fig. 56). The individual categories are dominated by 
Henryhowella melobesioides (61%), with Krithe spp. (13%) and Buntonia 
rosenfeldi (9%) in relatively minor roles (Fig. 57A), but these mean values mask 
fluctuations across the zone that indicate an important subdivision into upper 
and lower populations. This change occurs at approximately 1 500 m, above 
which the total HKB assemblage typically constitutes more than 80 per cent of 
the fauna and is dominated by H. melobesioides (>70%), and below which the 
HKB assemblage constitutes less than 80 per cent of the fauna and its three con¬ 
stituent taxa are more equally mixed. As we will discuss later, these faunal 
changes can be correlated with alterations in environmental parameters that 
define the Upper and Lower Bathyal zones. 

The most diverse genus within the Bathyal Zone is Krithe , with seven 
species, but no individual species ranges throughout the zone and there is a 
marked faunal discontinuity within the genus at the Upper/Lower Bathyal Zone 
boundary. 

UPPER BATHYAL ZONE 

Sixteen ostracod species occur within the Upper Bathyal Zone but three of 
these are stragglers from the Neritic Zone (Table 9A, Fig. 54). Of the 
13 bathyal species, nine (representing 82% of the total fauna) are forms that 
also occur in shallower depths. 

The ostracod faunas of this zone are numerically dominated by the three 
taxa of the HKB assemblage (Figs 56, 57B). Although together they typically 
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TABLE 9 


Percentage composition of fauna at bathyal and abyssal depths. 


A. Bathyal Zone (950-2 070 m) 


Upper Lower 

(950-1 500) (1 500-2 070) 

% % 

overall 

% 

Henryhowella melobesioides 

#* 

65 

31 

61 

Buntonia rosenfeldi 

# 

8 

14 

9 

Krithe sp. 8 

# 

4 

— 

3 

Echinocythereis whatleyi 

#* 

3 

8 

4 

Cytherella seiratula 


2 

9 

3 

Rugocythereis horridus 

#* 

2 

1 

2 

Krithe capensis 

# 

1 

— 

1 

Parakrithe sp. 10 


1 

— 

1 

Krithe spatularis 

# 

1 

3 

1 

Cytheropteron cronini 


1 

1 

1 

Cytheropteron sp. 2909 


0,1 

— 

0,1 

Indeterminate sp. 23 


1 

— 

1 

Indeterminate sp. 62 


1 

— 

1 

Indeterminate fragments 


— 

4 

0,1 

Krithe sp. 4 

* 

— 

9 

1 

Krithe sp. 6 

* 

— 

1 

0,1 

Krithe sp. 7 

* 

— 

3 

0,1 

Krithe sp. 19 

* 

— 

5 

1 

Ambocythere sp. 3057 


— 

3 

0,1 

Cytheropteron sp. 2914 


— 

0,1 

0,1 

Poseidonamicus major 

* 

- 

5 

1 

Total for Krithe spp. 


6 

21 

7 

Neritic forms (at lower limit of their depth range) 



Buntonia sp. 34 


8 

_ 

7 

Xestoleberis sp. 35 


1 

— 

1 

Bythocypris sp. 42 


1 

— 

1 

B. Abyssal Zone 


TBD 6851 
(2 916 m) 





% 

% Krithe 


Poseidonamicus major 

* 

29 



Krithe rex 


3 

6 


Krithe peypouqueti 


13 

28 


Henryhowella melobesioides 

* 

6 



Dutoitella suhmi 


6 



Abyssocythere australis 


6 



Krithe sp. 4 

* 

6 

13 


Krithe sp. 7 

* 

5 

11 


Krithe sp. 6 

* 

7 

15 


Krithe sp. 19 

* 

4 

8 


Krithe sp. 22 


6 

12 


Indeterminate Krithe 


3 

6 


Total Kithe spp. 


47 

100 


Rugocythereis honidus 

* 

2 



Echinocythereis whatleyi 

* 

1 



Trachylebeiis sp. 3017 


1 



Bradleya sp. 56 


1 



Cytherella sp. 3027 


0,1 



Indeterminate fragment 


0,1 



17 species, 354 valves, diversity of 5 per cent 




* = common to bathyal and abyssal faunas; # = common to bathyal and neritic faunas 
Note: Percentages are based on total number of valves per zone, and not merely the 
number of valves in those samples in which a particular species occurs. 
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C 



Fig. 57. Species histograms (percentage of total ostracod fauna) for whole Bathyal (A), Upper 
Bathyal (B), and Lower Bathyal (C) zones. Species identification: 1— Henryhowella melobe- 
sioides ; 2— Buntonia rosenfeldi ; 3— Krithe sp.8; 4— Echinocythereis whatleyr, 5— Cytherella 
serratula ; 6— Rugocythereis horridus ; 7— Krithe capensis\ 8— Parakrithe sp. 10; 9— Krithe 
spatularis ; 10— Cytheropteron cronini ; 11 —Cytheropteron sp. 2909; 12—Indeterminate 

species; 13— Krithe sp. 4; 14— Krithe sp. 6; 15— Krithe sp. 7; 16— Krithe sp. 19; 17— Ambo- 
cythere sp. 3057; 18— Cytheropteron sp. 2914; 19 —Poseidonamicus major ; 20—total Krithe 
spp.; 21 —Buntonia sp. 34; 22 —Xestoleberis sp. nov.; 23 —Bythocypris sp. 42. 
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constitute more than 80 per cent of the population, there is considerable 
variation across the zone from less than 70 per cent immediately below the 
upper boundary, to more than 90 per cent at 1,2 km and 1,45 km. These fluctu¬ 
ations, to a large extent, reflect the changes in abundance of Henry how ella 
melobesioides , which is the dominant taxon in the Upper Bathyal Zone. This 
species becomes progressively more abundant with increasing depth down the 
continental slope and reaches a peak (c. 75%) within the salinity minimum zone 
at the base of the Neritic Zone. It suffers a sharp, but temporary, decline at the 
top of the Upper Bathyal Zone but, with increasing depth, has a second 
abundance peak between 1 200 m and 1 300 m (>80%). Below this depth its 
importance rapidly declines, particularly across the Upper/Lower Bathyal 
boundary. 

Both Krithe spp. (6%) and Buntonia rosenfeldi (8%) are relatively minor 
components of the HKB assemblage in the Upper Bathyal Zone, in terms of 
overall abundance (Fig. 57B), but at particular depths are temporarily more 
abundant, where they respond to certain environmental factors. In the case of 
B. rosenfeldi , this occurs across the Upper/Lower Bathyal boundary (and in the 
salinity minimum zone at the base of the Neritic Zone), whereas Krithe species 
become more abundant immediately below the base of the salinity minimum 
zone in the AAIW (Fig. 56). 

The three species of Krithe that occur within the Upper Bathyal Zone 
(Upper Krithe Fauna) are all inherited from the overlying Neritic Zone (Figs 11, 
13, 53). Their variations in relative abundance can be correlated with changes in 
environmental parameters (see next section), and allow a zonation of the Upper 
Bathyal Zone. Krithe capensis is the dominant species within the Neritic Zone 
but rapidly declines in abundance across the Neritic/Bathyal boundary, below 
which it is replaced by Krithe sp. 8. The latter in turn is replaced by K. spatularis 
in depths greater than approximately 1 000 m. Of the three Upper Bathyal Zone 
species of Krithe , only K. spatularis extends across the AAIW/NADW shear 
zone into the Lower Bathyal Zone, but it dies out near the top, where it is 
replaced by the four species of the Lower Krithe Fauna. 

Within the minor elements of the bathyal ostracod fauna, several species 
appear near the top of the Bathyal Zone, although only three have an extended 
range into deeper water, and of these only Parakrithe sp. 10 is confined to the 
Upper Bathyal Zone. Cytherella serratula is the sole representative of the genus 
within the Bathyal Zone, and is only relatively abundant either side of the 
Upper/Lower boundary, where it appears to favour the unstable physico¬ 
chemical environments associated with the shear zone. Across the continental 
margin off south-western Africa, the genus Cytheropteron is as diverse as Krithe 
(12 spp.), but the majority of its species are confined to the shelf and upper 
slope (see Fig. 8). Deep-water representatives are confined to three species, but 
only Cytheropteron cronini has been found over a wide depth range. Finally, 
Echinocythereis whatleyi and Rugocythereis horridus are both characteristic 
members of the Upper Bathyal Zone fauna and, although the latter has its 
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highest abundance within this zone, neither is numerically important, except 
within individual samples. 

LOWER BATHYAL ZONE 

Fourteen species have been recovered from the Lower Bathyal Zone, 50 per 
cent of which extend into the Upper Bathyal Zone, 57 per cent extend into the 
Abyssal Zone, and 36 per cent extend into the Neritic Zone (Tables 9, 10). The 
character of the Lower Bathyal Zone fauna contrasts strongly with that of the 
Upper Bathyal Zone fauna by having a mixed Henryhowella melobesioides! 
Krithe spp. I Buntonia rosenfeldi assemblage, as opposed to one dominated by 
H. melobesioides (Figs 56, 57C). In terms of total specimens recovered from the 
Lower Bathyal Zone, H. melobesioides is the most important species (31%) but, 
except for isolated samples, it is subordinate in abundance to one or other of the 
two other taxa. In addition, with increasing water depth H. melobesioides 
becomes progressively less important, whereas Krithe species steadily become 
more abundant and diverse (Figs 11, 13), with the appearance of four species in 
the top part of the zone. Including K. spatularis , which extends downwards 
from the Upper Bathyal Zone, 36 per cent of the species recorded from the 
Lower Bathyal Zone belong to the genus Krithe. The most abundant of these is 
Krithe sp. 4. 

Buntonia rosenfeldi occupies a transitional position in the switch from 
H. melobesioides to Krithe spp. dominated faunas at the Upper/Lower Bathyal 
Zone boundary, by temporary increases in abundance at water depths where 
H. melobesioides declines but where Krithe spp. do not expand to fill the 
environmental niches. This opportunistic expansion is also displayed by 
Echinocythereis whatleyi and to a lesser extent by Cytherella serratula , both of 
which show marked increases in abundance at approximately the same levels as 
B. rosenfeldi. 

The depth at which we nominally take the Lower Bathyal/Abyssal Zone 
boundary (2 070 m) coincides with our first record of the species Poseidonamicus 
major , which is the link to the typical abyssal assemblage in sample TBD 6581. 
This is also the deepest occurrence of several of the bathyal species— Buntonia 
rosenfeldi , Cytherella serratula , and Cytheropteron cronini —and the sole record 
of two rare taxa, Ambocythere sp. 3057 and Cytheropteron sp. 2914. 

ABYSSAL FAUNAS 

It is in the Abyssal Zone that the true deep-water, cosmopolitan ostracod 
faunas are encountered. The character of the population is markedly different 
from that found in the Bathyal Zone and the fauna is dominated by various 
species of the genus Krithe (8 species), which combined comprise 47 per cent of 
the ostracod population in our largest sample (TBD 6851, 2 916 m, 354 valves). 
The most abundant single species are Poseidonamicus major (29%) and Krithe 
peypouqueti (13%), with the overall importance of the HKB assemblage within 
the total ostracod population showing a steady decline from the upper part of 


340 


ANNALS OF THE SOUTH AFRICAN MUSEUM 


TABLE 10 

Comparison of Upper Bathyal, Lower Bathyal and Abyssal faunas. 
A. SIMILARITY 


Upper Bathyal* 

Lower Bathyal 

Abyssal 

13 species 

14 species 

17 species 

20 species, 7 common 
similarity = 35% 

24 species, 8 common 
similarity = 33% 

Bathyal 

Abyssal 

20 species 

17 species 


27 species, 8 common 
similarity = 30% 


Similarity 


No. species common to both units 
Total no. different species in both units 


x 100 


species 

* — values do not include the three neritic taxa 


x 100 


B. PERCENTAGE SPECIES COMMON 



Abyssal 

Lower 

Bathyal 

Upper 

Bathyal 

Neritic* 

Abyssal 

- 

47 

29 

24 

Lower 

Bathyal 

57 

- 

50 

36 

Upper 

Bathyal 

23 

54 

- 

69 

Neritic* 

<1 

<1 

1 

- 


* = No. of neritic species taken as 120 (unpublished data). 

Examples: 

What percentage of Upper Bathyal species occur in the Lower Bathyal Zone? ... 54 
What percentage of Lower Bathyal species occur in the Upper Bathyal Zone? ... 50 


the Abyssal Zone (65% at 2 070 m) into deeper water (50% at 2 916 m), in 
which depths Buntonia rosenfeldi does not occur. 

Forty-seven per cent of the abyssal species are endemic to the Abyssal 
Zone, which contrasts strongly with 31 per cent and 14 per cent endemism for 
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the Upper and Lower Bathyal Zones, respectively. In addition, several of the 
genera do not presently occur in the shallower zones off south-western Africa: 
Trachyleberis (? = Legitimocythere ), Abyssocythere, and Dutoitella. All of the 
Krithe species that comprise the Lower Krithe Fauna, and which appear beneath 
the AAIW/NADW boundary in the Lower Bathyal Zone, persist into the 
Abyssal Zone, but they are subordinate in abundance to the abyssal endemic 
K. peypouqueti. Rugocythereis horridus and Echinocythereis whatleyi also occur 
in the Abyssal Zone but form only minor elements of the overall population 
(2% and 1%, respectively). 

Our deepest sample (TBD 6852, 4 736 m) lies beneath the carbonate com¬ 
pensation depth, and contains a sparse fauna of Krithe peypouqueti and 
Trachyleberis sp. 3017 that shows signs of dissolution. This is the only record we 
have of the ostracod fauna within the AABW mass, which is such an important 
feature of the circulation in the Cape Basin and has vigorously scoured or main¬ 
tained an omission surface in the region since at least late Miocene time 
(Embley & Tucholke 1984; Dingle et al. 1987). Preservation of the shallower 
assemblages within the overlying NADW is generally good. 


SEDIMENTARY AND OCEANOGRAPHIC ENVIRONMENTS 

The studies of Rosenfeld & Bein (1978), Cronin (1983), and Benson et al. 
(1983) on the ostracod faunas of the continental margins off north-western 
Africa and eastern North America, suggest that variations in dissolved oxygen, 
salinity, and temperature are the main factors in determining the water-depth 
ranges of individual deep-sea species. We will assess the influence of these 
parameters on the faunas off south-western Africa, and then briefly compare our 
results with their work. 

OSTRACOD ABUNDANCE AND WATER DEPTH 

The only physical parameter that is directly linked to water depth is hydro¬ 
static pressure. All other factors that are likely to limit the vertical distribution 
of ostracods (e.g. temperature, salinity, dissolved O 2 and CO 2 , nutrients, light, 
substrate, etc.) vary with depth only through a general vertical zonation imposed 
by the structure of the water column. Nevertheless, within any area, the latter 
phenomenon will maintain a relatively steady-state depth-related population 
structure that allows a vertical zonation based on either assemblages or individual 
species. Projecting such depth-zonations to other areas must, by definition, 
be attempted with caution. Murray (1973: 168) discussed the same problem in 
relation to benthic foraminifera and concluded ‘. . . that depth zones recognized 
in one area on the basis of certain indicator species are only applicable to that 
area and to adjacent areas where the environmental conditions are essentially 
the same’. However, because globally there are fundamental similarities in the 
vertical structuring of the deep water masses, a similar, relative depth-related 
succession of ostracod taxa can be anticipated world-wide. 
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Figure 58A shows the variation in abundance of ostracods (measured as 
number of valves per 100 g of the original, dry sediment sample) on the 
continental margin off south-western Africa. The highest abundances 
(>500 valves/100 g) all lie on the continental shelf (<220 m water depth, above 
the thermocline), with the majority of sites on the slope containing less than 
100 valves/100 g (mean = 29). There is a cluster of higher values (>100) either 
side of 400 m water depth, and a further ‘peak’ (up to 230 valves/100 g; 
mean = 98) at the base of the AAIW salinity minimum zone (Neritic/Bathyal 
Zone boundary). Otherwise, maximum values for the Upper Bathyal Zone lie 
between 40 and 50 valves/100 g (mean = 24) (Fig. 58B). Between 1 450 m and 
1 500 m, immediately above the AAIW/NADW shear zone (i.e. the Upper/ 
Lower Bathyal boundary), values drop to less than 10 valves/100 g, and recover 
only to 15-20 valves/100 g between this level and our deepest data point at 
1 780 m. 

These data suggest that there is no relationship between variation in ostra- 
cod abundance and water depth, but there is strong correlation between 
variations in abundance and structure of the water masses. 

OSTRACOD ABUNDANCE AND MUD CONTENT OF SEDIMENTS 

The mud (silt and clay: <63 micron) content of 218 sediment samples from 
the continental margin off south-western Africa is plotted against water depth in 
Figure 59. There is a general increase in the mud content of sediments with 
increasing depth from the continental shelf to 1 km, both in terms of number of 
samples with more than 50 per cent mud content, and in mean percentage mud. 
However, although the former parameter maintains a value of more than 90 per 
cent in depths greater than 1 km, the mean percentage mud content of the sedi¬ 
ments reaches a high of 84 per cent at 1 km, but decreases slightly farther 
downslope (to 80% at 1,7 km). Mean percentage mud values for the various 
zones are: Neritic—49 per cent; Upper Bathyal—82 per cent, Lower Bathyal— 
82 per cent. 

A comparison of Figures 58A-B (details of the mean percentage mud and 
ostracod abundance for the Bathyal Zone), 59 and 60 (scattergrams of percent¬ 
age mud plotted against ostracod abundance as valves/lOOg), reveals the 
following trends: 

1. Ostracod abundances on the continental margin off south-western Africa are 
greatest (>500 valves/100 g) on the mid to outer continental shelf (150-220 m 
water depth). Although the mean mud content of the sediments in this depth 
range is less than 50 per cent, all the samples with abundances greater than 
300 valves/100 g occur in samples with a mud content of more than 50 per cent. 
This indicates that the mud content of the shelf samples is very variable but that 
ostracods are most abundant in muddy samples, with maximum populations (up 
to 1 900 valves/100 g) occurring in sediments with mud contents between 75 and 
90 per cent (Fig. 60A). Until we have studied these faunas in detail, we cannot 
comment on the specific diversity of such populations. 
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A 




water depth, km 


Fig. 58. Relationship between ostracod abundance, water depth, and mud content of sedi¬ 
ments. A. Abundance of ostracods (number of valves per 100 g of dry, unprocessed sediment) 
plotted against sample depth (number of samples = 101). Mean values for various depth ranges 
are recorded below the horizontal axis. The rectangular block in the lower right corner outlines 
the data field used in Fig. 58B. B. Percentage mud and number of ostracod valves/100 g (both 
five point running means) plotted against water depth in the Upper and Lower Bathyal zones. 
Mud values are from Fig. 59, valve numbers from Fig. 58A. N.B. Values on the vertical axis 
refer to mud’ and ‘valves/100 g’. 
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Fig. 59. Variation of mud content (silt and day) with water depth for 218 sediment samples 
from the continental margin of south-western Africa. The two curves plot data summed over 
200 m intervals: circles = % of samples which have mud values >50%; triangles = mean % 
mud: values are plotted at median depth point (e.g. data for the 0-200 m interval are plotted at 
100 m level). Mud values are from Birch (1975), Rogers (1977) and Bremner (1981). 


2. On the upper continental slope (water depths between 223 m and 900 m), the 
mean ostracod abundance is 29 valves/100 g, whereas the mean mud content 
steadily increases to more than 70 per cent, so that in this region the sympathetic 
relationship between high mud values and high population numbers that we 
detect on the shelf does not hold. 

3. At the base of the salinity minimum zone (SMZ)/bathyal thermocline of 
the AAIW mass (i.e. at the Neritic/Upper Bathyal Zone boundary), there is 
a narrow zone (c. 950-1 050 m) of high ostracod abundance (mean = 
98 valves/100 g). The mean percentage mud value for the 800-1 000 m interval 
is 74 per cent, but where it rises to 85 per cent in the underlying 200 m wide 
sector, the ostracod abundances decline significantly (mean = 24 valves/100 g— 
Fig. 58B). A further decline in abundance occurs in the lowermost Upper 
Bathyal and Lower Bathyal zones (mean = 8), whereas in the same interval the 
mean mud values decline slightly (84-77%, and in detail hover around a plateau 
of about 80%). In general, therefore, although the mud content of the Bathyal 
Zone sediments is high (>80%—Fig. 60), the ostracod abundances are low 
overall (<40 valves/100 g), and even the larger populations are relatively small 
in comparison with those on the continental shelf. 
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Fig. 60. Number of ostracod valves/100 g plotted against mud content of sample. The total 
ostracod fauna has been used. A. Samples from a water depth range of 0-1 800 m. The rectan¬ 
gular block in the lower right corner outlines the data field used in Fig. 60B. B. Samples from a 
water depth range of 900-1 800 m. 


Taken together, the data on total ostracod population abundances in 
relation to water depth and mud content of sediments suggest that, in water 
depths greater than approximately 200 m, variations in overall abundance are 
not directly related to the mud content of the sea-floor sediments but are con¬ 
trolled by the structure of the water column. In as much as changes in the water 
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column will also influence the mud content of the sediments, locally there is a 
sympathetic relationship in alterations in mud content and overall ostracod 
abundance. On the continental shelf (above the thermocline and within the 
influence of surface currents), there is a direct correlation between mud 
content and total population abundance, but this is a topic we will address in a 
later contribution on the shallow-water faunas. 

The above observations are based on data that monitor variations in the 
total ostracod population, but these may mask correlations for individual 
species. In Figure 61A-C, we have plotted the abundance (as percentage total 
ostracod population) against mud content of sediments for the three taxa in the 
HKB assemblage and, in Figure 61D, have summarized the percentage of 
records for each species that occurs in successive 20 per cent mud categories. 
From these data, we conclude that all three taxa have a preference for sediments 
with a mud content of more than 50 per cent but that the occurrences of Henry- 
howella melobesioides and Krithe spp. are more mud-specific (57% and 55% of 
records occur in sediments with >60% mud, respectively) than Buntonia rosen- 
feldi (48%). However, the latter has a lower tolerance of low mud contents. We 
did not record Buntonia rosenfeldi in sediments with less than 20 per cent mud, 
whereas 7 per cent and 3 per cent respectively of occurrences of H. melo¬ 
besioides and Krithe spp. were within this category. Further, B. rosenfeldi 
appears to tolerate mud contents of more than 85 per cent less well than either 
of the other two species. Its abundance (as percentage of total ostracod popu¬ 
lation) in this category is never more than 25 per cent, whereas in very muddy 
sediments both H. melobesioides and Krithe spp. are frequently the dominant 
taxa. This is especially the case with H. melobesioides. 

From this brief survey we can conclude that, although the abundance of the 
overall ostracod population is less influenced by the mud content of the bottom 
sediments than by factors associated with the ambient water mass, individual 
species are so influenced. 

OCEANOGRAPHIC FACTORS 

Figure 62 summarizes the vertical changes in dissolved oxygen, salinity, and 
temperature in transects across the continental margin off south-western Africa. 
Using these profiles in conjunction with the vertical distribution of selected 
ostracod taxa (Fig. 63) and variations in the composition of the overall fauna 
(Figs 53, 56), we can assess the effectiveness of vertical changes in the physico¬ 
chemical properties of the water column as barriers to ostracod distribution, and 
hence the maintenance of the composition of the faunas of the various depth 
zones. 

On the continental shelf, temperature and salinity values are relatively high 
(>12°C and >34,9%c, respectively) and sediment textures variable. In addition, 
the pattern of dissolved oxygen values is complicated, with a single minimum 
zone in the south (Stander 1964), and a double minimum in the north (Chapman 
& Shannon 1985), with the result that the ostracods of this shallow zone have 
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Fig. 61. Abundance of individual species (as % total ostracod fauna) of the HKB assemblage 
plotted against mud content of samples. A. Buntonia rosenfeldi. B. Krithe spp. C. Henry- 
howella melobesioides. D. Summary of variation of abundance versus percentage mud for the 
three species. Values are shown as percentage of records within successive 20 per cent intervals 
of mud, and have been equalized to avoid sampling bias. 


a complex distribution pattern. We will be describing these faunas in a later 
publication and defer further discussion of this zone until then. 

The top of the AAIW mass lies at about 200 m (Shannon 1966, 1985) and is 
associated with a relatively thick thermocline that is steepest between approxi¬ 
mately 200 m and 400 m. At the top of the AAIW, water temperatures vary 
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Fig. 62. Variations in physico-chemical parameters on the sea floor along transects off south¬ 
western Africa. Water-column structure and faunal zones are correlated along the top and 
bottom margins of the diagram, respectively. A. Dissolved oxygen (m€/€) at 20°S, 34°S, and a 
composite profile between 28°S and 33,5°S (the deflection in the curve at 2,5 km is an artefact 
caused by juxtaposition of data from two transects). B. Salinity (%c) at 24°S and 34°S. C. Tem¬ 
perature (°C) at 24°S and 34°S. Constructed with data from Fuglister (1960), Stander (1964), 
Bubnov (1966), Shannon & Van Rijswijk (1969), Welsh & Visser (1970), Gorshkov (1978), 
Shannon (1985), and Chapman & Shannon (1985). Data points taken at 100 m intervals. Zones 
have been shaded to aid correlation. 


Fig. 63 (see facing page). Variations in abundance (% total ostracod population) of various 
ostracod species correlated with water column barriers, and faunal zones. A— Henryhowella 
melobesioides (five-point means); B— Krithe species (five-point means); C— Rugocythereis 
horridus (raw data); D— Cytheropteron species (five-point means); E— Cytherella species 
(five-point means); — Buntonia rosenfeldi (five-point means); G— Echinocythereis whatleyi 

(three-point means). 
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from north to south between 11 °C and 9°C, and these fall to c. 3,4°C at the 
base. The gradient of the temperature changes is very low below 1 000 m but 
increases steadily into shallower water, with the main temperature ‘break’ at 
about 3,5°C. This bathyal thermocline approximately coincides with the base of 
the salinity minimum zone (SMZ) at the core of the AAIW mass (Shannon 
1966, 1985), which itself is a relatively low salinity body of water sandwiched 
between the higher salinity continental shelf waters and the NADW mass 
(Fig. 62). The lower limit of the SMZ lies at about 1 000 m along the whole of 
the continental margin off south-western Africa and coincides with a dissolved 
oxygen minimum zone in which values vary from 4,25 ml/1 at 30°S to 3,8 ml/1 at 
34°S (Fig. 62A). The SMZ is thicker in the south (32°S), where the upper limit 
occurs at about 500 m, in comparison with 600 m at 24°S. Minimum salinity 
values in the SMZ vary from 34,36%o in the south to 34,48%o in the north. The 
physico-chemical hiatus that controls the depth of the Neritic/Bathyal Zone 
boundary appears, therefore, to be a combination of the bathyal thermocline 
(below which the water temperature is <3,5°C), a steep increase in salinity 
below the SMZ (with the ‘critical’ level around 34,50%©), and an oxygen 
minimum zone. 

The boundary between the AAIW and NADW masses lies at about 
1 500 m off south-western Africa (Shannon 1985). There is no apparent change 
in either the temperature or salinity gradients across the contact but, because 
these bodies are flowing in opposite directions, there will be a relatively intense 
zone of shearing across it (marked by turbulence and a sharp velocity gradient). 
The slightly lower mud values detected between 1 400 m and 1 500 m (Fig. 58B) 
may be related to turbulence in the lowermost part of the AAIW. Variability in 
temperature, salinity and current strengths, rather than significant breaks in 
their gradients, seem to be the main factors controlling the location of the 
Upper/Lower Bathyal zone faunal boundary. 

The core of the NADW lies between 2 000 m and 3 000 m (Shannon 1985) 
and its upper boundary is marked by a sharp change in the salinity values, where 
the gradient decreases rapidly and below which salinity values peak at about 
34,9%o in the north and 34,86%c in the south. Below the depths at which these 
peaks occur (2 000 m and 2 300 m, respectively), the salinity values decrease 
very slowly. There are no accompanying temperature changes at the top of the 
NADW core, so that the Bathyal/Abyssal Zone faunal boundary that is main¬ 
tained by this feature must be related to the relatively large upslope decrease in 
salinity and any water turbulence that is caused by the velocity gradient across 
the top of the NADW core zone. 

The NADW/AABW boundary lies at about 4 000 m and is marked by 
small, but significant, increases in both temperature and salinity gradients. 
Because we have no ostracod-rich samples below 4 000 m, we cannot comment 
on whether or not this water-mass contact causes a significant faunal hiatus. 
Certainly, because the top of the AABW mass marks the upper limit of the 
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carbonate lysocline, the chemical environment below this depth can be expected 
to be severe. 

To assess the effectiveness of these boundaries as barriers to the habitats of 
various ostracod species, we have plotted the abundances of the numerically 
most important species and genera against depth (Fig. 63), and can extract the 
following salient points. 

1. Base of salinity minimum zone/bathyal thermocline of AAIW 

effective: Krithe spp. (including Parakrithe) —there is a decrease in 
abundance of the overall population into and out of the SMZ, with a mid¬ 
zone high. Two species turn over at lower boundary. 

Cytherella spp.—very effective barrier; high abundances and number of 
species in Neritic Zone do not persist across SMZ; bathyal species are 
isolated by barrier. 

Echinocythereis whatleyi —does not range above SMZ. 

Rugocythereis horridus —does not range above SMZ. 

Cytheropteron —ranges of individual species restrained by SMZ, but not 
effective in altering overall population abundances, which reach a high in 
the SMZ. 

ineffective: Henryhowella melobesioides —the drop in abundance at base 
of SMZ may be related to a decrease in mud content. 

Buntonia rosenfeldi —favours the conditions therein and reaches a minor 
peak of abundance just above base of SMZ. 

2. Boundary of AAIW and NADW masses (shear zone) 

effective: Henryhowella melobesioides —very effective; dramatic decrease 
of abundance into NADW. 

Krithe species—very effective; dramatic increase in abundance into 
NADW; high species turnover. 

Rugocythereis horridus —confines high abundances to the Upper Bathyal 
Zone. 

ineffective: Buntonia rosenfeldi —reaches peak abundance in the shear 
zone. 

Cytherella species—C. serratula reaches maximum abundance in the shear 
zone. 

Echinocythereis whatleyi —reaches maximum abundance in the shear zone. 
Cytheropteron species—no significant changes across this barrier. 

3. Top of NADW core 

effective: Krithe species—small abundance change across barrier, but 
apparently no turnover of species. 

Buntonia rosenfeldi —is severely restricted below boundary. 

Cytherella species—is severely restricted below boundary. 

Echinocythereis whatleyi —abundances low beneath barrier. 
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Rugocythereis horridus —abundances low beneath barrier. 

Cytheropteron species— C. cronini does not range below barrier. 
Poseidonamicus major —does not range above barrier. 

ineffective: Henryhowella melobesioides — no significant change in 
abundance across barrier. 

Table 11 lists the barriers and the responses to them by individual species. 
We can summarize the physico-chemical features of each barrier and how it 
maintains the character of the various faunal zones as follows: 

1. Neritic/Upper Bathyal Zone boundary (AAIW—base of SMZ/bathyal 
thermocline). This barrier consists of: (a) change in temperature gradient 
(‘critical’ temperature c. 3,5°C); (b) steep salinity gradient (i.e. a zone of rapid 
change); and (c) oxygen low zone; and has the following effects: (a) prevents the 
neritic populations of the diverse genera Cytheropteron , Buntonia , and 
Cytherella from moving downslope and (b) prevents Rugocythereis horridus and 
Echinocythereis whatleyi from moving upslope. 

2. Upper/Lower Bathyal Zone boundary (AAIW/NADW contact and associated 
shear zone). This barrier consists of turbulence, resulting in variable tempera- 


Table 11 

Summary of barrier effectiveness. 



SMZ 

AAIW/ 

NADW 



NADW 

core 

Approximate Temp. (°C) 

4,0-3,4 

3,2-3,0 

3,0-2,7 

‘critical’ Salinity i 0 /^) 

34,5 

34,8-34,7 

34,89-34,86 

parameters Oxygen 

0 2 low 



Henryhowella melobesioides 


* i 


Krithe spp. 

*6 

*4 

*4 

Buntonia rosenfeldi 



*2 

Cytherella spp. 

*3 


*2 

Echinocythereis whatleyi 

*5 


*2 

Rugocythereis horridus 

*5 

*1 

*2 

Cytheropteron spp. 

*3 


*2 

Poseidonamicus major 



*4 


* — effective barrier 


moving from shallow to deeper depths, cannot tolerate: 

1 —lower temperature and higher salinity 

2 — low temperature and high salinity 

3 — lower temperature and low oxygen 

moving from deep to shallower depths, cannot tolerate: 

4 — higher temperature and lower salinity 

5 — higher temperature, higher salinity, and low oxygen 

6 — isolated peak in SMZ 

Ranges in ‘critical’ parameters relate to north to south variations 
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tures, salinities and current strengths, and has the following effects: (a) separ¬ 
ates the Henryhowella melobesioides- dominated Upper Bathyal fauna from the 
mixed H. melobesioides IKrithe spp. /Buntonia rosenfeldi Lower Bathyal fauna; 
(b) limits the depth ranges of several Krithe species to produce the Upper and 
Lower Krithe faunas; and (c) allows three species to opportunistically increase 
their abundances— Buntonia rosenfeldi , Cytherella serratula, and Echino- 
cythereis whatley i. 

3. Lower Bathyal/Abyssal Zone boundary (top of NADW core). This barrier 
consists of: (a) change in salinity gradient (‘critical’ salinity c. 34,89%c in the 
north and 34,86%© in the south); and (b) ?turbulence, and has the following 
effects: (a) maintains peak Krithe spp. population abundances downslope; 
(b) prevents Buntonia rosenfeldi and Cytheropteron cronini from extending 
farther downslope; (c) prevents Poseidonamicus major from extending farther 
upslope. This regulates the upper level of a true abyssal taxon. 

Finally, it is clear that, although we have been able to identify the efficiency 
of these physico-chemical changes in the water column as regulators of overall 
faunal character, the taxa involved react to these changes in different ways. To 
some they are solid barriers and to others sieves, and it is not possible at this 
stage to identify a predictable pattern. 

A particularly good example of this apparently random response occurs at 
the AAIW/NADW shear zone. Here, within what we can only tentatively 
suggest is a narrow, turbulent layer of mixed water with variable temperatures, 
salinities, and current strengths, there are relatively large increases in abun¬ 
dances of Buntonia rosenfeldi , Cytherella serratula , and Echinocythereis what¬ 
leyi. In this region, therefore, the combination of narrow, but unstable, temper¬ 
ature and salinity ranges involved (3,18-3,25°C and 34,75-34,84%© in the 
north, to 2,91-2,79°C and 34,68-34,73%© in the south) afford a highly favourable 
ecological niche for at least three species to exploit opportunistically. At the 
same time, this zone separates AAIW—in which H. melobesioides is abundant 
and Krithe species relatively sparse, from NADW—in which the roles of these 
two taxa are almost reversed. However, neither of these species finds the con¬ 
ditions within the shear zone at all favourable. A further aspect of this complex 
response can be seen in the distribution of H. melobesioides , where the portion 
of the water mass in which it is most abundant (AAIW) has temperature and 
salinity characteristics of 2,9-3,3°C (mean 3,1 °C) and 34,65-34,68%© (mean 
34,67%o), whereas the underlying water mass, which it finds so unfavourable, has 
charactersitics of 2,78-3,1 °C (mean 2,94°C) and 34,77-34,87%o (mean 34,82%©). 
The differences involved are 0,16°C and 0,15%©, respectively, yet in the Neritic 
Zone (across the upper part of the SMZ) changes in temperature and salinity 
five times these values result in abundance changes only half as large. 
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COMPARISON WITH RESULTS FROM OTHER AREAS 

We will briefly review four recent studies on deep-water ostracod faunas in 
which attempts were made to correlate distribution with various environmental 
parameters, and then summarize the results in the light of our findings. 

Cronin (1983) worked off the south-eastern USA but, because his survey 
did not assess environmental factors below 1 100 m, his data relate primarily to 
shallower depths than we have investigated. Nevertheless, there are similarities 
in faunal content that make comparison relevant. Cronin found that the two 
prime controls on depth ranges are the 15-8 °C thermocline at 150 m, and the 
oxygen minimum zone (3 ml/1) between 200-800 m. These barriers define two 
main ostracod faunas: one within the O 2 minimum zone, and one below it. The 
latter includes some taxa similar to our bathyal faunas. 

Benson et al. (1983) worked off the continental margin of north-eastern 
North America. They identified three ostracod faunas (biofacies), which they 
correlated with particular water masses. These faunas lie at 400-1 400 m 
(Labrador Sea Water mass; Upper Slope Biofacies); 1 500-2 399 m (North East 
Atlantic Deep Water mass; Transitional Biofacies); and >2 400 m (Denmark 
Strait Overflow Water mass; Lower Slope and Rise Biofacies). Benson et al. 
(1983) concluded that the limiting parameters are probably temperature, and 
possibly salinity. No correlation was observed between sediment type or the 
organic carbon content of sediments. 

Rosenfeld & Bein (1978) worked off north-western Africa. Their study did 
not extend to abyssal depths but, as with Cronin’s (1983) work, some similarity 
with our faunas makes comparison relevant. On the north-western African 
margin, there is a major faunal break on the upper slope that separates a 
‘shallow-water’ (100-483 m) fauna from a ‘deep-water’ (470-2 859 m) fauna. 
Rosenfeld & Bein (1978) did not discuss the nature of the environmental par¬ 
ameters that maintain this boundary but assumed that it was temperature 
controlled (i.e. it marks the top of ‘psychrosphere’). A northward elevation of 
this level was attributed to local upwelling. No linkage was detected between 
ostracod distribution and sediment texture. 

Peypouquet & Benson (1980) compared the ostracod faunas from two 
traverses in the south-eastern Atlantic (off Walvis Bay, and off northern 
Angola). Their objective was to assess the role of the Walvis Ridge in limiting 
the distribution of various taxa. They identified three major depth-related 
faunas in the Angola Basin and two in the Cape Basin (no samples were 
collected below 3 000 m in the latter), and these were correlated with major 
water masses: epibathyal stage (400-1 500 m) = AAIW; mesobathyal stage 
(1 500-3 000 m) = NADW; and infrabathyal stage (3 700-4 700 m) = AABW. 
They detected differences in the epibathyal and mesobathyal faunas on either 
side of the Walvis Ridge, which they related to nutrient rich (particulary P and 
Si), Antarctic-derived water affecting higher bathymetric levels on the southern 
side of the iidge. It is the contrast in dissolved O 2 values, rather than minimal 
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variations in temperature and salinity, that is thought to maintain the faunal 
differences between the two basins. 

Temperature, salinity, and dissolved oxygen are all cited as parameters that 
control the depth ranges of ostracod species, as well as regulating population 
abundances and diversity. However, the four previous surveys that we have 
reviewed, as well as our own results, illustrate that their roles vary from species to 
species, and also vary for a given species within the water column. Peypouquet 
& Benson (1980) also suggested that variations in nutrient levels and dissolved 
oxygen can be responsible for major lateral taxonomic differences on a regional 
scale. As barriers to vertical distribution, local high gradients in any of the 
parameters we have mentioned can be expected to be limiting, and this is particu¬ 
larly the case in relatively shallow water. Consequently, the shelf/slope 
thermocline (e.g. Cronin’s 1983 data), and shelf oxygen minima (e.g. eastern 
boundary up welling systems, such as that off south-western Africa) can be 
expected to constitute major faunal barriers. In deeper water, lower gradients 
may not appear to have the same potential but nevertheless are equally 
effective. It follows, therefore, that the deep-water taxa are less tolerant of, say, 
temperature and salinity changes, or critical combinations thereof. The latter pre¬ 
sumably must be the case for species, such as Henry how ella melobesioides, to cite 
a local example, that have a wide depth range. In fact, the concept of a ‘depth 
range’ is misleading because it merely reflects a range over which certain physico¬ 
chemical parameters are tolerable. As all the studies we have cited confirm, these 
tolerance ranges are governed by the characteristics of the ambient water masses. 
In the deep sea, therefore, the vertical faunal zonation merely reflects the local 
structure of the water column. 


INTRA-OCEANIC RELATIONSHIPS 

Table 12 shows the vertical distribution of key taxa from the deep-water 
studies in the Atlantic Ocean. Although certain taxa are universally present and 
often locally abundant, both in the lower neritic, bathyal and abyssal zones (in 
particular various species of Henryhowella , Cytherella, and Krithe), there are 
some regional contrasts, which can be related to differences in water-column 
structure. 

UPPER BATHYAL FAUNAS 

Here we include ostracod populations between depths of 900-1 500 m. At 
the lower level, faunal breaks have been recognized off north-eastern America 
and south-western Africa (Peypouquet & Benson 1980 recorded a faunal bound¬ 
ary at this depth off Angola, although they had no data between 650-2 000 m), 
and this depth coincides with the upper limit of the NADW mass, which in the 
south-eastern Atlantic is overlain by AAIW, and in the North Atlantic by the 
Labrador Sea Water mass. 
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Table 12 

Key to the Atlantic Ocean distribution of deep-water ostracod taxa. 
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With the exception of north-eastern America (which has an atypical, 
low-diversity Arctic shelf fauna displaced on to the slope by the southwardly 
descending Labrador Sea Water), all the areas have a moderately diverse 
ostracod fauna that includes various species of the universal taxa ( Krithe , 
Cytherella , Henryhowella , Legitimocythere (including ‘Thalassocy there’ of 
Benson), and Cytheropteron ), as well as numerous more localized species that 
reflect the adjacent neritic populations. The latter, as we have intimated earlier, 
are strongly influenced by local oceanographic and sedimentological regimes. 
Consequently, the upper bathyal faunas vary considerably on a regional scale, 
whilst retaining a large degree of similarity via their universal taxa. In particular, 
the abundance of Henryhowella and a relatively abundant and diverse 
component of Krithe (compared to the neritic faunas) are characteristic. 

The Upper Bathyal fauna off south-western Africa differs from that at the 
other localities in one important respect, viz. the presence of Rugocythereis and 
Echinocythereis whatleyi , and the absence of Macrocypris and Bythocypris. 

LOWER BATHYAL AND ABYSSAL FAUNAS 

The depth of the faunal boundary between the abyssal and lower bathyal 
assemblages varies regionally, depending on the local structure of water column. 
In the Cape Basin, we find a faunal break at about 2 000 m marked by 
the appearance of Poseidonamicus major and the disappearance of Buntonia 
rosenfeldi and other species. However, because Poseidonamicus occurs on the 
continental shelf off south-western Africa, its presence may not be so significant 
in indicating abyssal assemblages as previously assumed, and that more typical 
abyssal faunas appear with Abyssocythere, Dutoitella , and Krithe peypouqueti at 
2 916 m. This distribution, in fact, is very similar to that off north-eastern 
America, where Benson et al. (1983) found equivalent taxa appearing over 
similar depth ranges— Poseidonamicus somewhere between 1 500 m and 

2 500 m, and Dutoitella (recorded as ‘Suhmicy there’) at 3 000 m. These two 
areas differ from the Angola Basin, where Poseidonamicus does not occur above 

3 000 m and Dutoitella (as ( Shumicythere’ [sic]) above 3 797 m (Peypouquet & 
Benson 1980). This is probably a result of structural differences in the water 
column between the Cape and Angola basins, where AABW is largely pre¬ 
vented from intruding into the latter by the Walvis Ridge. In fact, Peypouquet 
& Benson (1980) suggested that the Angola Basin has a North Atlantic aspect to 
its deep-water fauna (typified by the presence of Pterygocythere mucronalatum 
(Brady, 1880)), which is caused by the Walvis Ridge shielding the area from the 
nutrient-rich (particularly P and Si) Antarctic-derived waters. We are not con¬ 
vinced that this effect is significant above the 4 000 m level, because the regional 
gradients in both parameters do not seem anomalous either side of the ridge 
(see Gorschov 1978, figs 237D, 238A, 239C-D), and suspect that oceanic 
upwelling off south-western Africa may be a more important factor. 

Rosenfeld & Bein (1978) sampled the margin off north-western Africa to a 
maximum depth of 2 859 m but did not record any of the typical abyssal taxa, 
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although both Buntonia rosenfeldi and Echinocythereis whatleyi occur at this 
depth. This indicates that the Lower Bathyal fauna extends to greater depths off 
north-western Africa than either in the north-western or south-eastern Atlantic 
regions, and it may be significant that the temperatures and salinities at this 
depth are higher off north-western than off south-western Africa: 2,75°C, 
34,94%o , and 2,53°C, 34,89 %c, respectively (Fuglister 1960). 

In summary, the ostracod faunas off south-western Africa display a deep¬ 
water aspect, both in their bathyal and abyssal elements, at shallower depths 
than most of the more northerly sites that have previously been investigated. 
Specifically, Rugocythereis and Echinocythereis whatleyi both range into the 
lowermost Neritic Zone (i.e. above 950 m), Bythocypris and Macrocypris do not 
range into the Bathyal Zone, and—with the possible exception of north-eastern 
North America— Poseidonamicus (2 000 m) and Dutoitella and Abyssocythere 
(3 000 m) occur above their counterparts elsewhere. We attribute these differ¬ 
ences to lower water temperatures and salinities caused by a combination of 
local oceanic upwelling (Benguela system), and the area’s proximity to and ease 
of access for Antarctic water masses. 

CONCLUSIONS 

Important changes in the vertical distribution of deep-water ostracods off 
south-western Africa occur at major physico-chemical boundaries between and 
within the main water masses (Table 13). The faunas between these boundaries 
have the following characteristics: 

1. Between the base of the SMZ/bathyal thermocline and the AAIW/NADW 
boundary there is a cosmopolitan bathyal assemblage, numerically dominated by 
Henryhowella melobesioides , with a diverse Krithe species fauna, together with 
important Cytherella serratula , Cytheropteron cronini , Echinocythereis whatleyi , 
and Rugocythereis horridus. 

2. Between the AAIW/NADW boundary and the top of the NADW core the 
assemblage is dominated by Krithe species, with H. melobesioides rapidly 
decreasing in numbers with increasing water depth. 

3. An abyssal assemblage occurs below a level near the top of the NADW core 
(between 1 780 m and 2 070 m), which marks the upper depth limit of Poseidon¬ 
amicus major. 

4. At a level somewhere between 2 070 m and 2 916 m there is a further influx 
of abyssal taxa: e.g. Dutoitella suhmi , Abyssocythere australis , Krithe peypou- 
queti , K. rex, and Trachyleberis sp. 3017 (= Legitimocythere). 

5. The AABW assemblage consists of sparse, poorly preserved Krithe sp. and 
Legitimocy there . 

Our data suggest that migration of taxa up- and down-slope is regulated by 
physico-chemical changes in the water column acting as barriers or filters. These 
have the effect of maintaining the integrity of the assemblages of the intervening 
sectors of the water masses. 
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TABLE 13 

Summary of species distribution in faunal zones and water masses. 


Fauna 

Upper 

Lower 

Abyssal 


Bathyal 

Bathyal 





1 1 


Depth (km) 0,95 1,5 2,0 3,0 4,0 


Water masses 

AAIW 

N 

A D V 
core 

V 

AABW 

Trachyleberis sp. 3017 



X 


X 

Krithe peypouqueti 



X 


X 

Krithe rex 



X 



Cytherella sp. 3027 



X 



Krithe sp. 22 



X 



Dutoitella suhmi 



X 



Abyssocythere australis 



X 

n 


Poseidonamicus major 



X 

o 


Ambocythere sp. 3057 



X 



Cytheropteron sp. 2914 



X 

s 


Kiithe sp. 6 


X 

X 

a 


Kiithe sp. 19 


X 

X 

m 


Kiithe sp. 7 


X 

X 

P 


Krithe sp. 4 


X 

X 

1 


Cytherella serratula 

X 

X 

X 

e 


Cytheropteron cronini 

X 


X 

s 


Echinocythereis whatleyi 

X 

X 

X 



Rugocythereis horridus 

X 

X 

X 



Buntonia rosenfeldi 

X 

X 

X 



Henryhowella melobesioides 

X 

X 

X 



Kiithe spatularis 

X 

X 




Indet. sp. 23 

X 





Indet. sp. 62 

X 





Parakrithe sp. 10 

X 





Cytheropteron sp. 2909 

X 





Kiithe sp. 8 

X 





Kiithe capensis 

X 





Buntonia sp. 34* 

X 





Xestoleberis sp. nov.* 

X 





?Bradley a sp. 56* 

X 





Bythocypris sp. 42* 

X 






* — neritic taxa 


These observations lead to the important conclusion that the major water 
masses, and important structural features within them, can be characterized by 
their ostracod assemblages. This provides a potential tool for environmental and 
palaeo-oceanographic investigation, and Dingle et al. (1989) have presented a 
preliminary discussion of its application, based on our results from south¬ 
western Africa. Extension of this work, involving a comparison of the Cape 
Basin data with previous studies from other parts of the Atlantic, indicate that 
deep-water ostracod assemblages can be used to discriminate water masses 
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on an ocean-wide basis (Dingle & Lord in press.). This suggests that benthic 
ostracods can be employed in a similar manner to benthic foraminifera in 
palaeo-oceanographic studies, and an ostracod assemblage/water-mass 
correlation scheme, parallel to that achieved for foraminifera by, for example, 
Schnitker (1980) and Douglas & Woodroff (1981), is a foreseeable development. 

Distribution and environmental studies in other oceans (e.g. Whatley & 
Ayress 1988; Hartmann & Hartmann-Schroder 1988; Steineck et al. 1988) 
should permit the application of a correlation scheme for deep-water ostracod 
assemblages and water masses world-wide. However, direct correlation between 
species and the complex relationships linking conservative (e.g. temperature and 
salinity) and non-conservative (e.g. dissolved oxygen and silica) water par¬ 
ameters will probably require considerably more effort, if the progress achieved 
in foraminiferal studies is a measure of the difficulties involved. 
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